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Abstract—The present, updated document describes the fourth iteration of recommendations for the hepatic use
of contrast-enhanced ultrasound, first initiated in 2004 by the European Federation of Societies for Ultrasound
in Medicine and Biology. The previous updated editions of the guidelines reflected changes in the available con-
trast agents and updated the guidelines not only for hepatic but also for non-hepatic applications. The 2012
guideline requires updating as, previously, the differences in the contrast agents were not precisely described
and the differences in contrast phases as well as handling were not clearly indicated. In addition, more evidence
has been published for all contrast agents. The update also reflects the most recent developments in contrast
agents, including U.S. Food and Drug Administration approval and the extensive Asian experience, to produce a
truly international perspective. These guidelines and recommendations provide general advice on the use of
ultrasound contrast agents (UCAs) and are intended to create standard protocols for the use and administration
of UCAs in liver applications on an international basis to improve the management of patients. (E-mail: c.f.
dietrich@googlemail.com) © 2020 World Federation for Ultrasound in Medicine & Biology. All rights
reserved.
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INTRODUCTION

The present, updated document describes the fourth iter-
ation of recommendations for the hepatic use of con-
trast-enhanced ultrasound (CEUS), which was initiated
by the European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB) (Albrecht et al.
2004). The previous updated editions of the guidelines
reflected changes in the available ultrasound contrast
agents (UCAs) and updated the guidelines for not only
hepatic but also non-hepatic applications (Claudon et al.
2013a, 2013b; Sidhu et al. 2018a, 2018b).

The 2012 guideline requires updating, as previously
the differences in contrast agents were not precisely
described, evidence-based recommendations were not
given and differences in contrast phases as well as han-
dling were not clearly indicated. In addition, more evi-
dence has been published for all contrast agents. This
update also reflects the most recent developments in con-
trast agents, including U.S. Food and Drug Administra-
tion (FDA) approval and extensive Asian experience, to
produce a truly international perspective.

The requirement for worldwide guidelines on the
use of CEUS in the liver instigated the World Federation
for Ultrasound in Medicine and Biology (WFUMB) to
facilitate discussions, in conjunction with its component
federations, namely, the Asian Federation of Societies
for Ultrasound in Medicine and Biology (AFSUMB),
American Institute of Ultrasound in Medicine (AIUM),
Australasian Society for Ultrasound in Medicine

(ASUM), Federation of Latin America Ultrasound
(FLAUS), and EFSUMB and in collaboration with the
International Contrast Ultrasound Society (ICUS), to
bring the 2012 liver guidelines up-to-date, recognizing
the fact that UCAs are now licensed in increasing parts
of the world. Of the 38 authors, 19 were from nine Euro-
pean countries representing EFSUMB; 13 from China,
Japan, Korea and India representing AFSUMB; 5 from
the United States representing AIUM; and 1 from
MASU and FLAUS.

As for the previous guidelines, this document is
based on comprehensive literature surveys, including
results from prospective clinical trials. We followed an
EFSUMB Policy Document on development strategy for
clinical practice guidelines, position statements and tech-
nological reviews adopted by WFUMB (Jenssen et al.
2019). For each key topic, the authors performed a sys-
tematic literature search based on an explicit search
strategy using Medline, Cochrane library and, if appro-
priate, further defined databases/sources. The search
strategy was pre-defined with respect to sources (e.g.,
Medline), inclusion criteria (e.g., language of the publi-
cation, time period, study type, full publication), exclu-
sion criteria and search terms. The evidence used to
substantiate recommendations was summarized in evi-
dence tables including information on study type (e.g.,
systematic review and meta-analysis, randomized con-
trol trial, prospective/retrospective cohort study with
defined outcome parameters, case series), case numbers,
important outcomes and limitations. On topics for which
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no significant study data were available, evidence was
obtained from expert committee reports or was based on
the consensus of experts in the fields of ultrasound (US)
and CEUS during the consensus conferences. Recommen-
dations were prepared in task force groups and finally dis-
cussed and voted on in a meeting of CEUS experts held in
Granada in June 2019. Level of evidence (LoE) was
assigned to recommendations based on evidence tables.

This joint effort has again resulted in simultaneous pub-
lication in the official journals of WFUMB and EFSUMB
(i.e., Ultrasound in Medicine and Biology and Ultraschall in
der Medizin/European Journal of Ultrasound).

These guidelines and recommendations provide gen-
eral advice on the use of UCAs. They are intended to create
standard protocols for the use and administration of UCAs
in liver applications on an international basis and to
improve the management of patients. Individual cases must
be managed on the basis of all clinical data available.

WORLDWIDE COMMERCIAL AVAILABILITY
OF UCAS

Availability of UCAs for clinical use is based on the
approval by regulatory agencies specific to the territory of
intended use. Currently, four agents are available internation-
ally for use in the liver, listed here with their manufacturers.

® Definity/Luminity (Lantheus Medical Imaging, Inc.,
North Billerica, MA, USA)

® SonoVue/Lumason (Bracco Suisse SA, Geneva, Swit-
zerland)

® Optison (GE Healthcare AS, Oslo, Norway)

® Sonazoid (GE Healthcare AS, Oslo, Norway)

The approval of these agents varies throughout the
world along with the approved indications. ICUS in col-
laboration with WFUMB has developed an interactive
map (Fig. 1).

INDICATIONS, CONTRAINDICATIONS, SAFETY
CONSIDERATIONS

The indications and contraindications differ among
different UCAs; detailed information can be found in the
official package inserts of the drugs.

Safety considerations

UCAs can be administered safely in various appli-
cations with minimal risk to patients (Piscaglia and
Bolondi 2006; Main et al. 2007, 2009; Dietrich et al.
2017; Tang et al. 2017; Sidhu et al. 2018a). They are not
excreted through the kidneys and can be administered to
patients with renal insufficiency with no risk of contrast-
related nephropathy or nephrogenic systemic fibrosis.
There is no additional need for biochemical assessment

or fasting before injection, and there is no evidence of
any effect on thyroid function, as UCAs do not contain
iodine (Claudon et al. 2013a, 2013b). UCAs have a very
low rate of anaphylactoid-type reactions (1/7000
patients, corresponding to 14/100,000 or 0.014%) (Kitz-
man et al. 2000; Piscaglia and Bolondi 2006; Wilson and
Burns 2010; Tang et al. 2017), significantly lower than
the rate for current iodinated computed tomography
(CT) agents (35—95/100,000 patients, 0.035%—0.095%)
(Cochran et al. 2001) and anaphylactoid reactions associ-
ated with gadolinium-based contrast agents (4/64 (6.3%)
(Hunt et al. 2009). Serious anaphylactoid-type reactions
to UCAs are observed in approximately 1 in 10,000
exposures (0.01%) (Tang et al. 2017; Sidhu et al.
2018b).

SonoVue data pooled from 75 completed studies (of
6307 patients) in Europe, North America and Asia
revealed that the most frequent adverse events were
headache (2.1%), nausea (0.9%), chest pain (0.8%) and
chest discomfort (0.5%). All other adverse events
occurred at a frequency of less than 0.5% (Committee
for Medicinal Products for Human Use 2014). Most
adverse events were mild and resolved spontaneously
within a short time without sequelac. Most cases of
allergy-like events and hypotension occurred within a
few minutes after injection of the agent. The overall
reported rate of fatalities attributed to SonoVue is low
(14/2,447,083 exposed patients, 0.0006%) and compares
favorably with the risk for fatal events reported for iodin-
ated contrast agents (approximately 0.001%). In all
reported fatalities after use of an UCA, in both cardiac
and non-cardiac cases, an underlying patient medical cir-
cumstance played a major role in the fatal outcome.

The intravesical administration of UCAs has been
evaluated in a total of 7082 children described in 15
studies and in a European survey of 4131 children, 0.8%
of whom reported adverse events, mostly related to blad-
der catheterization (Darge et al. 2013; Papadopoulou
et al. 2014). Intravenous CEUS is also used in the pediat-
ric population (Sidhu et al. 2017) and in numerous other
documented areas (Sidhu et al. 2018b). The FDA
recently approved the use of Lumason for pediatric liver
imaging (Sidhu et al. 2017b), which is an important
development. This application is, however, still off label
in pediatric imaging in many countries. A significant
reduction in exposure to ionizing radiation is likely to be
achieved in many areas by using CEUS in pediatric
patients (Sellars et al. 2014; Sidhu et al. 2017).

Most recently it was reported that the use of Sono-
Vue appears to be safe in pregnant women (Schwarze
et al. 2020).

Recommendation 1. Intravenous use of UCAs in adult
populations is safe. (LoE 2) (Pro 28, Against 0, Abstain 0)
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Global Contrast-Enhanced Ultrasound

(CEUS)

Click on any country shaded in orange to see the commercially available agent{(s)

[ (Agent(s) commercially available)

[ (No agent commercially available at this time)

* See package inserts for approved indications. Note that this “Global CEUS” map lists certain ultrasound contrast agents under different

product names (i.e, Lumason/SonoVue and Definity/Luminity). ICUS will update this map as additional agents are approved throughout

the world.

Fig. 1. Approval status of ultrasound contrast agents. The International Contrast Ultrasound Society (ICUS) in collabo-
ration with the World Federation for Ultrasound in Medicine and Biology (WFUMB) has developed an interactive map
on the approval status of contrast agents. An updated version of this map can be found online. (http://icus-society.org)

Recommendation 2. Intravenous use of UCAs in pediat-
ric populations is safe. (LoE 3) (Pro 28, Against 0,
Abstain 0)

Recommendation 3. Intracavitary use of UCAs is safe.
(LoE 2) (Pro 27, Against 0, Abstain 1).

LIVER CEUS: SCANNING TECHNIQUE AND
BASIC IMAGE INTERPRETATION

The study procedure is well documented in previous
CEUS guidelines (Claudon et al. 2013a, 2013b) and has
been described in detail in a recent WFUMB position
paper (Dietrich et al. 2018b). Before performing a liver
CEUS study, it is necessary to review the patient’s clinical

history, laboratory data and any prior imaging findings
(Claudon et al. 2013a, 2013b).

Study procedure

Before CEUS, cysts and calcifications must be iden-
tified by conventional US because these structures do not
exhibit contrast enhancement and could therefore be erro-
neously interpreted as a malignant infiltration if only
scanned in the late phase (LP). When cysts are missed by
the baseline examination, it is necessary to carefully
review both the contrast and reference images and to ana-
lyze the B-mode pattern of the liver tissue after the disap-
pearance of the microbubbles.

Interpretation
CEUS of the liver has three overlapping vascular
phases after the injection of UCA because of the dual
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Table 1. Vascular phases in contrast-enhanced ultrasound of
the liver (visualization post-injection time).

Phase Start (s)  End (s)

Arterial 10—20  30-45

Portal venous 30—45 120

Late >120 Bubble disappearance (approximately

4—8 min)

Post-vascular >8min  Approximately 30 min

blood supply of the liver, that is, hepatic artery and portal
vein (respectively 25%—30% and 70%—75% of liver
blood flow in non-cirrhotic conditions) (Table 1).

® The arterial phase (AP) provides information on the
degree and pattern of the arterial vascular supply of a
focal liver lesion (FLL). Early arterial enhancement
pattern and vascular architecture are best seen in slow
replay of a stored cine loop.

® The portal venous phase (PVP) represents the arrival
of UCA through the portal system, resulting in diffuse
and maximal enhancement of normal liver paren-
chyma.

® The late phase (LP) lasts until clearance of the UCA
from the circulation and depends on the type and dose
of UCA, total scanning time, acoustic power output
and sensitivity of the US system.

® The post-vascular phase is observed only with Sona-
zoid and represents uptake of the UCA by phagocy-
totic cells (e.g., Kupffer cells).

Slight/moderate variations of timing may occur,
particularly in the case of cardiac dysfunction and in
patients with vascular liver disease.

Vascular architecture and phase-specific contrast
enhancement of the lesion compared with the adjacent
liver parenchyma are the most important diagnostic fea-
tures for the characterization of FLLs (Claudon et al.
2013a, 2013b).

DIFFERENCES BETWEEN CEUS AND OTHER
CONTRAST-ENHANCED IMAGING
MODALITIES (CONTRAST-ENHANCED
COMPUTED TOMOGRAPHY [CECT],
CONTRAST-ENHANCED MAGNETIC
RESONANCE IMAGING [CEMRI])

UCAs comprise gas-filled particles (microbubbles),
differ in fundamental respects from the agents used in
CECT and CEMRI and, for this reason, play a comple-
mentary problem-solving role for indeterminate FLLs.
Unlike CT and MR agents, microbubbles are not excreted
by the kidneys. With the exception of Sonazoid, UCAs
are purely intravascular agents. Therefore, CEUS should

be considered as the first contrast imaging modality in
patients with renal insufficiency. UCAs can be safely
administered more than once during the same examina-
tion. While the dynamic phases of liver enhancement with
UCA resemble those of CECT with iodinated agents and
CEMRI with gadolinium chelates, imaging is real time
with US. Other important differences exist and are well
described in the literature (Faccioli et al. 2007; Wilson
et al. 2007; Rossi et al. 2008; D’Onofrio et al. 2015). For
FLL characterization, an overall improvement in sensitiv-
ity and specificity is found for CEUS compared with
CECT (Quaia et al. 2004; Seitz et al. 2009; Trillaud et al.
2009; Friedrich-Rust et al. 2013; D’Onofrio et al. 2014;
Barr 2018). CEUS, in addition, is reported to be invalu-
able in providing characterization of indeterminate FLLs
on CT, magnetic resonance imaging (MRI) and positron
emission tomography (Burns and Wilson 2007; Laghi
et al. 2010; Parsai et al. 2019). It is also reported that
CEUS should be the subsequent imaging modality for all
CT- and MR-indeterminate nodules before biopsy is
undertaken (Jo et al. 2017).

Recommendation 4. CEUS is recommended in patients
with inconclusive findings at CT or MR imaging. (LoE 2,
strong recommendation) (Pro 30, Against 1, Abstain 0)

Recommendation 5. CEUS should be considered as the
first contrast imaging modality in patients with renal
insufficiency. (LoE 5, strong recommendation) (Pro 31,
Against 0, Abstain 0)

DETECTION OF MALIGNANT FLLS:
TRANSABDOMINAL APPROACH

Conventional US is the most frequently used
modality for the primary imaging of abdominal organs,
including the liver, but is less sensitive in the detection
of FLLs than CECT, CEMRI or intra-operative US. A
number of studies (Konopke et al. 2005, 2007; Dietrich
et al. 2006; Quaia et al. 2006; Larsen et al. 2007, 2009;
Piscaglia et al. 2007; Cantisani et al. 2010; Mubhi et al.
2011; Itabashi et al. 2014) have reported that CEUS has
a considerably higher sensitivity of up to 80%—90% in
detecting liver metastases, comparable with those of
CECT (Larsen 2010) and CEMRI (Cantisani et al.
2010). Furthermore, some reports have indicated that
CEUS is of particular usefulness with metastases
<10 mm (Forner et al. 2008; Dong et al. 2017). CEUS
has dramatically increased the capability of US to detect
FLLs and has the potential to be incorporated into the
diagnostic algorithm for malignant FLLs.
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Study procedures

The study procedure is described above. A second
contrast administration (re-injection technique) can be
used to confirm the metastatic nature of focal areas of
contrast washout by demonstrating (secondary) AP
enhancement within the areas of contrast washout.

Detection of metastatic lesions

The typical and almost invariable appearance of
metastases is focal contrast washout. The enhancement
patterns observed during the AP have limited clinical
utility in lesion detection (Claudon et al. 2013a, 2013b;
Dietrich et al. 2018c).

With vascular phase agents (SonoVue/Lumason,
Definity/Luminity, Optison), several studies have
reported that the accuracy of detection of liver metasta-
ses is comparable with those of CECT and CEMRI,
when scanning conditions allow complete imaging of all
liver segments (Larsen et al. 2007). However, it should
be noted that most of the studies have used initial and/or
follow-up imaging (mostly CT examinations and some-
times MRI, and intra-operative US) as a reference stan-
dard, and very few reports include histologic or
pathologic confirmation. Nonetheless, as CT and MRI
are currently the modalities of choice for metastatic FLL
detection, comparison of CEUS with these techniques
seems reasonable in evaluating the diagnostic efficacy of
CEUS. In addition, histologic confirmation of every
malignant FLL in patients with clear imaging diagnosis
might not be ethically appropriate. According to a meta-
analysis including 828 metastases from 18 studies, the
overall sensitivity of CEUS for diagnosis of metastases
was 91% (95% confidence interval [CI]: 87%—95%)
(Friedrich-Rust et al. 2013).

Recommendation 6. CEUS can be used for liver metasta-
sis detection as part of a multimodality imaging
approach. (LoE 2, weak recommendation) (Pro 31,
Against 0, Abstain 0)

Detection of HCCs and intrahepatic cholangiocellular
carcinoma (ICC)

With all UCAs, most hepatocellular carcinomas
(HCCs) exhibit AP hyper-enhancement (APHE), but the
short duration of APHE makes adequate assessment of
the whole liver impracticable. The LP lasts long enough
for a detailed examination, but the appearance of HCC
varies. Importantly, not all HCCs exhibit contrast washout
in the LP, limiting the sensitivity of CEUS for HCC detec-
tion. CEUS is not recommended for staging of HCCs
except for patients with a portal vein tumor thrombus
(Tang et al. 2018; Wilson et al. 2018).
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With the post-vascular phase UCA (Sonazoid), scan-
ning the entire liver >10min after injection helps to detect
malignant nodules, as the typical HCC appears as an
enhancement defect (Karhunen 1986; Hatanaka et al. 2008;
Maruyama et al. 2009; Moriyasu and Itoh 2009; Guang
et al. 2011; Martie et al. 2012). However, approximately
half of well-differentiated HCCs do not exhibit enhance-
ment defects in the post-vascular phase (Arita et al. 201 1a).

ICCs behave in virtually the same manner as metas-
tases, washing out rapidly and appearing as defects in
the LP, regardless of their appearance in the AP (Xu
et al. 2006). This pattern may facilitate detection of sat-
ellite nodules adjacent to a larger lesion that were not
visualized on conventional US.

Recommendation 7. Routine use of CEUS for the sur-
veillance of patients at risk for HCC is not recom-
mended. (LoE 4, strong recommendation) (Pro 29,
Against 2, Abstain 0)

Recommendation 8. Routine use of CEUS for staging of
HCC is not recommended. (LoE 2, strong recommenda-
tion) (Pro 31, Against 0, Abstain 0)

CEUS FOR CHARACTERIZATION OF FOCAL
LIVER LESIONS

Before starting liver CEUS,; it is necessary to review
the patient’s clinical history, laboratory data and any prior
imaging. The entire liver and the FLL should be interro-
gated using conventional B-mode and color Doppler US
to obtain reproducible information regarding segmental
localization, size and relation to vessels and other ana-
tomic landmarks, as well as to guarantee optimal exami-
nation quality and ascertain whether underlying cirrhosis
is present. The range of tumor types differs between cir-
rhotic and non-cirrhotic livers, with description of the
characterization of FLL discussed separately for each.

Recommendation 9. Before performing CEUS to charac-
terize FLLs, it is recommended that a systematic liver
examination be performed using B-mode and Doppler
US. (LoE 5, strong recommendation) (Pro 32, Against 0,
Abstain 0)

Characterization of FLLs in the non-cirrhotic liver

The probability of an FLL being benign (including
inflammatory) or malignant depends on the symptoms and
past medical history. An incidentally detected FLL in oth-
erwise healthy and asymptomatic persons is likely benign
(Linhart et al. 1998; Hirche et al. 2002), whereas with pre-
existing malignant disease, the probability of malignancy is
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significantly higher (Albrecht et al. 2004). In patients with
supportive symptomatology, FLLs may raise suspicion for
phlegmonous inflammation or abscess formation.

The primary aim of CEUS in patients with a non-
cirrhotic liver is to differentiate benign from malignant
FLLs (Karhunen 1986; Volk et al. 2001; Dietrich et al.
2004, 2005, 2006, 2007; Strobel et al. 2008, 2009, 2011;
Seitz et al. 2009, 2010, 2011; Trillaud et al. 2009; Berna-
tik et al. 2010; Devine et al. 2010; Trojan et al. 2010; von
Herbay et al. 2010; Guang et al. 2011; Xie et al. 2011;
Martie et al. 2012; Sporea et al. 2012, 2014; Sandrose
et al. 2016). Thus, CEUS is useful in facilitating the clin-
ical decision as to whether a sonographically detected
liver lesion requires further investigation or surgery
(Bartolotta et al. 2009).

Recommendation 10. CEUS is recommended as the first-
line imaging technique for the characterization of inci-
dentally detected, indeterminate FLLs at US in patients
with a non-cirrhotic liver and without a history or clini-
cal suspicion of malignancy. (LoE 1, strong recommen-
dation) (Pro 30, Against 0, Abstain 2)

Recommendation 11. CEUS is suggested as the first-line
imaging technique for the characterization of FLLs
detected with US in patients with non-cirrhotic livers with
a history or clinical suspicion of malignant disease. (LoE
2, weak recommendation) (Pro 31, Against 0, Abstain 0)

Recommendation 12. CEUS is recommended for the
characterization of FLLs in the non-cirrhotic liver in
patients with inconclusive findings at CT or MRI (LoE
2, strong recommendation) and is suggested if biopsy of
the FLL was inconclusive. (LoE 5, weak recommenda-
tion). (Pro 30, Against 1, Abstain 0)

Recommendation 13. CEUS is recommended for charac-
terization of FLLs in the non-cirrhotic liver if both CT
and MRI are contraindicated. (LoE 5, strong recommen-
dation) (Pro 32, Against 0, Abstain 0)

For differential diagnosis of FLL, CEUS is superior
to CT and equivalent to MR imaging (Dietrich et al.
2006; Seitz et al. 2009, 2010, 2011; Friedrich-Rust et al.
2013). CEUS has been shown to be the most cost-effec-
tive imaging modality in some countries in Europe
(Westwood et al. 2013).

Benign solid FLLs

In addition to contrast enhancement of the FLL
compared with the adjacent tissue, vascular architecture
during AP can further characterize FLLs. The enhance-
ment patterns are summarized in Table 2.

Hemangioma. After focal fatty sparing, hemangi-
oma is the second most common benign solid lesion of
the liver (Hirche et al. 2002; Kaltenbach et al. 2016). In

Table 2. Enhancement patterns of benign focal liver lesions in the non-cirrhotic liver

Lesion Arterial phase

Portal venous phase

Late phase Post-vascular phase

Hemangioma
Typical features Peripheral nodular
enhancement

Small lesion: complete, rapid

centripetal enhancement

fill-in
Additional features

Focal nodular hyperplasia
Typical features Hyper-enhancing from the
center, complete, early

Spoke-wheel arteries

Feeding artery

Additional features

Hepatocellular adenoma
Typical features
Additional features

Hyper-enhancing, complete
Non-enhancing regions

Iso-enhancing

Focal fatty infiltration
Typical features
Focal fatty sparing

Iso-enhancing Iso-enhancing

Typical features Iso-enhancing Iso-enhancing
Abscess
Typical features Peripheral enhancement, no

central enhancement
Additional features
Enhanced septa
Hyper-enhanced liver
segment segment
Simple cyst
Typical features

Non-enhancing Non-enhancing

Partial/complete centripetal

Hyper-enhancing

Un-enhanced central scar

Hyper-enhancing
Non-enhancing regions

central enhancement
Hypo-enhancing rim
Enhanced septa
Hyper-enhanced liver

Incomplete or complete
enhancement
Non-enhancing regions

Iso-/slightly hypo-enhancing

Non-enhancing regions

Iso-/hyper-enhancing Iso-/slightly hyper- or hypo-
enhancing

Un-enhanced central scar

Iso-enhancing
Slightly hypo-enhancing
Non-enhancing regions

Iso-enhancing Iso-enhancing

Iso-enhancing Iso-enhancing

Hyper-/iso-enhancing rim, no Hypo-enhancing rim, no cen- Hypo-enhancing rim

tral enhancement

Non-enhancing Non-enhancing
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asymptomatic patients with a normal-appearing liver on
US and without findings or history of malignant or
chronic liver disease, a well-circumscribed, round-
shaped hyper-echoic and homogeneous FLL <30 mm
without intra-lesional vessels at color Doppler and with-
out halo sign is diagnostic of hemangioma. CEUS or
other contrast-enhanced imaging modalities are not rec-
ommended for further characterization (Dietrich et al.
2013; Vidili et al. 2019). CEUS is indicated when a
definitive diagnosis of a hemangioma cannot be achieved
using conventional US, as the addition of CEUS
markedly improves the diagnostic accuracy in
90%—95% of cases (Dietrich et al. 2007; Strobel et al.
2008; Trillaud et al. 2009).

The typical CEUS feature of a hemangioma is
peripheral, discontinuous nodular (globular) enhance-
ment in the AP with progressive centripetal partial or
complete fill-in (Foschi et al. 2010; Sienz et al. 2011;
Cui et al. 2013; Chiorean et al. 2015a). Complete fill-in
occurs only in 40%—50% of cases during the LP. This
fill-in is often more rapid in smaller lesions, and the
entire lesion may be hyper-enhancing in the AP. Persis-
tent iso- or hyper-enhancement is sustained through the
LP (Lamuraglia et al. 2006; Dietrich et al. 2007, 2019;
Hirche et al. 2007; Sienz et al. 2012; Inoue et al. 2016).
On post-vascular imaging using Sonazoid, hemangiomas
appear iso- to hypo-enhancing relative to the surround-
ing liver parenchyma, and may resemble metastatic
tumors and HCCs (Little et al. 1991; Sugimoto et al.
2014). The overall sensitivity of CEUS for diagnosis of
hemangioma is 86% (95% CI: 81%—92%) according to
a meta-analysis including 612 cases from 20 studies
(Friedrich-Rust et al. 2013).

Atypical appearances, particularly LP hypo-
enhancement (UCA washout) or lack of centripetal fill-
in, have been described and may be explained by the
destruction of microbubbles that are not adequately
replenished because of very long bubble transit times
within the lesion (Chiorean et al. 2015a). Hemangiomas
with arteriovenous shunts (also called high-flow or shunt
hemangiomas) exhibit rapid homogeneous hyper-
enhancement in the AP and, therefore, can be confused
with focal nodular hyperplasia (FNH) or even hepatocel-
lular adenoma (HCA) or HCC (Dietrich et al. 2007).
They are almost always hyper-enhancing in the PVP and
LP. Thrombosed hemangiomas exhibit a lack of
enhancement and can be confused with malignancy if
only identified during the later CEUS phases (Dietrich
et al. 2007; Klinger et al. 2019).

Focal nodular hyperplasia. On CEUS, an FNH
typically appears as a hyper-enhancing homogeneous
lesion in all phases. The hyper-enhancement might be
only mild during the PVP and LP (Dietrich et al. 2005,
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2018d; Strobel et al. 2009; Piscaglia et al. 2010b, 2010c;
Pei et al. 2013). Hyper-enhancement is usually marked
in the AP (Pei et al. 2013), with a rapid fill-in from the
center outward (a spoke-wheel pattern) (70%) or some-
times with an eccentric vascular or multilocular arterial
supply (30%) (Dietrich et al. 2005; Cui et al. 2013). A
centrally hypo- or non-enhancing located scar may be
seen in the LP. This, together with the direction of filling
of the lesion in the AP, if recognizable (centrifugal vs.
centripetal), is an important feature in distinguishing
FNH from shunt (high-flow) hemangiomas. In distinc-
tion to FNH, hepatocellular adenomas and hyper-vascu-
lar malignant FLLs exhibit washout as the most
important CEUS feature (Dietrich et al. 2019).

In the vast majority of cases (93.5%), iso-enhance-
ment or only slight hyper-enhancement of FNH is
observed in the PVP compared with the surrounding
liver parenchyma, whereas in the remainder (6.5%),
hypo-enhancement is observed (Jones et al. 1992; Lee
et al. 2018).

The overall sensitivity of CEUS in the diagnosis of
FNH is 88% (95% CI: 81%—94%) according to a large
meta-analysis of 365 cases FNH from 18 studies (Frie-
drich-Rust et al. 2013). Several studies have suggested
that the diagnostic accuracy of CEUS for diagnosis of
FNH is a “matter of size”, with accuracy decreasing in
patients with lesion size >30 mm (Claudon et al. 2013a,
2013b).

Hepatocellular adenoma. HCA is a rare, benign
and sometimes estrogen-dependent hepatic neoplasm.
Typical imaging characteristics of HCAs are displayed
in smaller lesions <50 mm (Dietrich et al. 2005, 2019).
At CEUS, HCA exhibits homogeneous arterial hyper-
enhancement, typically with rapid, complete, peripher-
ally dominated filling without a spoke-wheel pattern and
without a peripheral globular enhancement pattern,
which often enables the correct differential diagnosis,
except in telangiectatic and inflammatory HCAs (Foschi
et al. 2010). However, HCCs and hyper-enhancing
metastases may exhibit a similar arterial enhancement
pattern, making the differentiation impossible during the
AP. In the early PVP, HCAs usually become iso-enhanc-
ing or, more rarely, remain slightly hyper-enhancing
(Dietrich et al. 2005; Piscaglia et al. 2010b). Previous
bleeding episodes or necrotic portions exhibit intra-
tumoral non-enhancing areas in larger HCA. In most
cases, washout occurs in the LP, requiring biopsy to
exclude malignancy (Dietrich et al. 2019). Because of
the different subtypes of HCA, characterization and dif-
ferentiation (e.g., from FNH and HCCs, such as the
inflammatory subtype) may be difficult using CEUS as
well as MRI, and biopsy (HCA <50 mm) or surgery
(=50) is indicated for final diagnosis (Lamuraglia et al.
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2006). Liver-specific contrast-enhanced MRI may be
helpful when HCA is suspected at CEUS to exclude mul-
tilocularity. No studies are available for the diagnosis of
HCA using Sonazoid.

Focal fatty change. Focal fatty changes, either by
fat infiltration or fatty sparing, usually appear on conven-
tional B-mode US as oval or polygonal areas located
along the portal bifurcation or close to the hepatic hilum
and gallbladder. On visualization of possible focal fat
infiltration, atypical location or history of malignancy
should prompt further characterization to exclude malig-
nant lesions. Focal fatty change exhibits the same degree
of enhancement (iso-enhancing) as the surrounding liver
parenchyma during all phases (Hirche et al. 2007; Janica
et al. 2013). Typically, a centrally located artery can be
identified (Hirche et al. 2007; Dietrich and Jenssen 2012;
Dietrich et al. 2013).

Infection. The CEUS findings in phlegmonous
inflammation are variable. During the early stage of
infection, lesions often appear hyper-enhancing, while
mature lesions develop non-enhancing foci as liquefac-
tion progresses. Mature liver abscesses on CEUS exhibit
enhancement of the margins and frequently of the septae
in the AP, which sometimes can be followed by PVP
hypo-enhancement. The most prominent feature on
CEUS is the non-enhancement of the liquefied portions
combined with arterial rim enhancement (Biecker et al.
2003; Catalano et al. 2004, 2007; Liu et al. 2008; Ander-
son et al. 2009). Diffuse hyper-enhancement of the
affected liver subsegment(s) in the AP and LP washout
of liver parenchyma surrounding the non-enhancing
necrotic area have been described in the majority of
cases (Anderson et al. 2009).

The appearance of granulomas and focal tuberculo-
sis on CEUS varies, which makes it hard and sometimes
impossible to differentiate these from malignancy (Liu
et al. 2008; Cao et al. 2010; Dietrich et al. 2015, 2018a,
2018b, 2018c, 2018d).

Other solid benign liver lesions
A range of other, very rare, solid benign liver
lesions can be seen including the following entities:

® Active hemorrhage (including spontaneous, traumatic
and iatrogenic liver bleedings) appear as contrast
extravasation, whereas hematomas appear as non-
enhancing areas.

® [nflammatory pseudotumor is a rare disease whose
definite diagnosis is usually made only at surgery. It
may exhibit arterial enhancement and LP hypo-
enhancement, falsely suggesting malignancy.

® Hepatic angiomyolipoma is a rare benign mesenchy-
mal tumor. It appears homogeneous in most cases and
strongly hyper-echogenic at baseline US. CEUS
reveals arterial hyper-enhancement (Dietrich et al.
2007; Wang et al. 2010).

® Cholangiocellular adenomas (CCAs or bile duct ade-
nomas) are rare lesions that are usually small (90% <1
cm). CEUS may reveal strong arterial hyper-enhance-
ment and early washout in the PVP and LP (they lack
portal veins), falsely suggesting malignancy (Ignee et
al. 2009b; Corvino et al. 2015).

® Hepatic epithelioid hemangioendotheliomas (HEHES)
often manifest as multinodular FLLs. On CEUS,
HEHESs exhibit rim-like or heterogeneous hyperen-
hancement in the AP and hypo-enhancement in the
PVP and LP, a sign of malignancy (Cui et al. 2014b;
Dong et al. 2016; Klinger et al. 2019). Some patients
exhibit centrally located un-enhanced areas. In con-
trast, all hemangiomas and FNH exhibit hyper- or iso-
enhancement in the PVP and LP, which is their most
distinguishing feature.

For liver trauma we refer to the recently published
EFSUMB Guidelines and Recommendations for the
Clinical Practice of Contrast-Enhanced Ultrasound
(CEUS) in Non-Hepatic Applications: Update 2017
(Sidhu et al. 2018a, 2018b).

Malignant solid FLLs

In patients with a non-cirrhotic liver, metastases are
more common than primary liver malignant tumors,
though conventional US is occasionally helpful in
detecting the malignant nature of an FLL, by demon-
strating a hypo-echoic halo and infiltration of intrahe-
patic vessels. Contrast-enhanced imaging is necessary to
determine the malignant nature in many circumstances,
which is true for US, CT and MRI (Lu et al. 1990; Die-
trich et al. 2006). Contrast washout in the PVP and LP is
the most important feature to determine malignancy
(Claudon et al. 2013a, 2013b). Almost all metastases
exhibit this feature, regardless of the enhancement pat-
tern in the AP. Very few exceptions to this rule have
been reported, mainly in liver metastases of neuroendo-
crine tumors and atypical HCC (Table 3).

Hepatocellular carcinoma in the non-cirrhotic liver
Hepatocellular carcinoma is the most common pri-
mary liver malignancy, and most of the patients at risk
have known or unknown liver cirrhosis (Forner et al.
2012). There are few articles on the value of CEUS in
the diagnosis of HCC in the non-cirrhotic liver. Gener-
ally, the enhancement patterns of HCC in the non-cir-
rhotic liver on CEUS are similar to those of HCC in the
cirrhotic liver, but the size at the time of diagnosis tends
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Table 3. Enhancement patterns of malignant focal liver lesions in the non-cirrhotic liver

Tumor Arterial phase (10—30s)  Portal venous phase (20—120s) Late phase (120—300s) Post vascular phase (> 10 min)
Metastasis
Typical features Rim enhancement Hypo-enhancing Hypo-/non-enhancing Hypo-/non-enhancing

Additional features Complete enhancement
Hyper-enhancement
Non-enhancing regions
Hepatocellular carcinoma
Typical features
Additional features

Hyper-enhancing
Non-enhancing regions

Cholangiocarcinoma
Typical features Rim-like hyper-enhance-
ment, central hypo-
enhancement
Non-enhancing regions
Inhomogeneous hyper-
enhancement

Additional features

Non-enhancing regions

Iso-enhancing
Non-enhancing regions

Hypo-enhancing

Non-enhancing regions

Non-enhancing regions ~ Non-enhancing regions

Hypo-/non-enhancing Hypo-/non-enhancing
Non-enhancing regions ~ Non-enhancing regions

Hypo-/non-enhancing

Hypo-/non-enhancing

Non-enhancing regions  Non-enhancing regions

to be larger (Linhart et al. 1998). HCA and FNH are the
main differential diagnoses (Zheng et al. 2014; Dietrich
et al. 2019). HCCs in the non-cirrhotic liver are usually
hyper-enhancing in the AP, typically with a chaotic vas-
cular pattern (Hayashi et al. 2016), and variably iso- or
hypo-enhancing in the PVP and LP (Inoue et al. 2016).
Hyper-enhancement in the AP is often homogenous but
starts predominantly along the periphery (Goto et al.
2012). The fibrolamellar variant of HCC has a non-spe-
cific appearance at CEUS. According to expert opinions
and case reports, these exhibit rapid wash-in with a het-
erogeneous pattern in the AP and early PVP and early
and marked washout thereafter (Mandry et al. 2007,
Arita et al. 2011a).

Cholangiocarcinoma (ICC). 1ICC is the second
most common primary malignant liver tumor and usually
arises in healthy liver parenchyma. The different treat-
ment approaches and prognoses necessitate that ICC be
distinguished from HCC (Galassi et al. 2013). Although
rarely observed in Europe and America, ICC is more fre-
quently seen in Asia, where combined HCC—ICC also
exists (Dong et al. 2018).

In distinction to the late enhancement on CECT or
CEMRI, ICC exhibits a variety of patterns in the AP at
CEUS, but all show washout in the LP (Xu et al. 2006;
Chen et al. 2008; Wang et al. 2010). The typical pattern
of malignancy is better revealed by CEUS than by
CECT or CEMRI (Schellhaas et al. 2018a, 2018b).

There is controversy over the differential diagnosis
of HCC and ICC with CEUS (Little et al. 1991; Laghi
et al. 2010; Leoni et al. 2010; Zech 2011; Barreiros et al.
2012; Dietrich et al. 2012a, 2012b, 2012¢; Frydrycho-
wicz et al. 2012; Kim et al. 2017; Kono et al. 2017; Pis-
caglia et al. 2017; Wilson et al. 2018). Compared with
HCCs, ICCs exhibit less intense enhancement in the AP

and early (<60 s) and marked washout compared with
the typically late and mild washout in HCCs (Little et al.
1991). ICCs can be subcategorized into three types:
mass-forming periductal infiltrating and intraductal
growing. Mass-forming ICCs can exhibit four enhance-
ment patterns in the AP: peripheral irregular rim-like
enhancement, heterogeneous hyper-enhancement, homo-
geneous hyper-enhancement and heterogeneous hypo-
enhancement (Chen et al. 2008; Wang et al. 2010).
Mass-forming ICCs usually exhibit washout in the PVP
and invariably marked hypo-enhancement in the LP, fol-
lowed by complete hypo-enhancement in the post-vascu-
lar phase (Hatanaka et al. 2008a, 2008b; Xu et al. 2012).

During the AP, periductal infiltrating ICCs appear
heterogeneously enhancing, and intraductal growing
ICCs exhibit homogeneous hyper-enhancement in most
cases. Both lesions exhibit marked washout during the
PVP and LP (Xu et al. 2012).

Metastases. Liver metastases are the most com-
mon malignant lesions of the liver, arising mainly from
cancers of the gastrointestinal tract, breast, pancreas or
lung. Compared with conventional US, CEUS markedly
improves the detection of liver metastases. Liver metas-
tases can be detected and characterized reliably as hypo-
enhancing lesions during the PVP and LP, with few
exceptions. Washout is of marked degree and with early
onset, usually before 60 s after UCA injection. In the LP,
very small metastases may be conspicuous, and lesions
that were occult on B-mode US can be detected (Dietrich
et al. 2006). Because of the lack of Kupffer cells, meta-
static lesions on post-vascular phase imaging with Sona-
zoid are clearly demarcated and completely hypo-
enhancing (Hatanaka et al. 2008a, 2008b; Zech 2011;
Frydrychowicz et al. 2012; Dietrich et al. 2012a, 2012b,
2012c; Ying et al. 2012).
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Metastases usually exhibit at least some contrast
enhancement in the AP and, sometimes, marked and cha-
otic enhancement. Rim or halo enhancement is often
seen (Claudon et al. 2013a, 2013b).

Lymphoma. Lymphoma exhibits variable arterial
enhancement but characteristic fast and marked washout
in the PVP and LP, predictive of malignancy (Foschi
et al. 2010; Heller and Gorg 2013; Trenker et al. 2014).

Focal cystic liver lesions (benign and malignant)

Focal cystic liver lesions (FCLLs) represent a wide
spectrum of benign and malignant disease (Corvino
et al. 2015). Benign FCLLs include simple cysts, hema-
tomas and hemorrhagic hepatic cysts (Zhang et al. 2009;
Corvino et al. 2017); abscesses, bilomas and hydatid
cysts (Vachha et al. 2011); cystic cavernous hemangio-
mas (Cha et al. 2008); and cystic HCAs and other rare
entities (Barreiros et al. 2014; Chiorean et al. 2015b).
Malignant FCLLs include cystic HCCs (Lin et al. 2009),
cystic lymphoma, cystic metastases as typically seen in
neuroendocrine tumors (Mork et al. 2007) and other rare
entities.

Simple cysts are completely non-enhancing on
CEUS. CEUS is not indicated for assessment of simple
cysts but is useful in evaluating complicated or atypical
cysts (Corvino et al. 2017).

With complex cystic masses, CEUS characterizes
the vascular flow within septa in cystadenoma and cysta-
denocarcinoma (Albrecht et al. 2004; Piscaglia et al.
2010b). Such septa are often visualized by US but not by
CT and MRI. Some atypical cystic lesions may have a
solid appearance at conventional US, thus mimicking a
malignant lesion, particularly a cystic metastasis or bili-
ary cystadenocarcinoma (Albrecht et al. 2004; Barr et al.
2018).

On CEUS, the distinguishing feature in the differen-
tial diagnosis of hepatic cystadenoma (HBCA) from
hepatic cystadenocarcinoma (HBCAC) is the honey-
comb septal hyper-enhancement during the AP for
HBCA and the hypo-enhancement during the PVP and
LP for HBCAC (Albrecht et al. 2004).

Recommendation 14. If CEUS has definitively character-
ized a benign FLL, further investigations are not recom-
mended to confirm the diagnosis. (LoE 1, strong
recommendation) (Pro 26, Against 0, Abstain 5)

Recommendation 15. CEUS can be used to characterize
hepatic abscess in the appropriate clinical setting. (LoE
2, weak recommendation) (Pro 24, Against 1, Abstain 2)

CEUS FOR CHARACTERIZATION OF FLLS IN
LIVER CIRRHOSIS

Study procedure

In addition to the general recommendations for the
study of FLLs, important aspects should be followed if
the liver is cirrhotic. As the AP is crucial in characteriza-
tion of FLLs in cirrhosis, good visualization of the nod-
ule is important. Despite the use of a low mechanical
index (MI), microbubbles can be disrupted and acoustic
output power should then be reduced, while maintaining
sufficient signal intensity to allow contrast persistence
until the very LP (beyond 3—4 min), crucial for detecting
washout and establishing a diagnosis of HCC. Further-
more, when the arterial/early PVP is complete (after
60 s), it is recommended that the lesion is imaged inter-
mittently (usually brief scan every 30—60 s), rather than
continuously, to minimize microbubble destruction,
which may cause problems in the identification of subtle
or late washout.

Image interpretation and evaluation

The key feature for the diagnosis of HCC in liver
cirrhosis is APHE, followed by late-onset mild washout
(>60 s after injection) (Dietrich et al. 2018c; Lyshchik
et al. 2018; Rodgers et al. 2019; Kono et al. 2020; Wang
et al. 2020). This pattern of washout in an HCC is seen
in more than 97% of cases according to a large retrospec-
tive series (Terzi et al. 2018). Arterial hyper-enhance-
ment is usually homogeneous and intense in HCCs but
may be inhomogeneous in larger nodules (>5 cm) that
are necrotic. Rim enhancement is atypical for HCC.
Washout is observed overall in about half the cases of
HCC, but rarely in small nodules (20%—30% in those
1-2 cm, 40%—60% in those 2—3 cm) (Forner et al.
2008; Leoni et al. 2010; Sangiovanni et al. 2010). Wash-
out is observed more frequently in HCCs with poorer
grades of differentiation than in well-differentiated
HCCs, which tend to be iso-enhancing in the LP (Fan
et al. 2006; Jang et al. 2007; lavarone et al. 2010; Boo-
zari et al. 2011). ICC risk is increased in patients with
liver cirrhosis, but only 1%—2% of newly detected FLLs
in a cirrhotic liver are ICCs (Wildner et al. 2015; Dong
et al. 2018).

Hypo-enhancement in the LP is usually less marked
in HCCs than in other primary tumors or in liver metas-
tases (Chen et al. 2006; Boozari et al. 2011). Further-
more, the washout tends to start later in HCC, usually
not before 60 s after injection (Chen et al. 2006; Boozari
et al. 2011) and appearing only after 180 s in up to 25%
of cases (Chen et al. 2006; Boozari et al. 2011); conse-
quently, it is important to observe nodules in cirrhosis
until late (>4 min). Early washout (<60 s) has been
reported to occur in poorly differentiated HCCs or to
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suggest a non-hepatocellular malignancy (Chen et al.
2006; Fan et al. 2006; Jang et al. 2007; Boozari et al.
2011), most often a peripheral ICC. For details regarding
the CEUS Liver Imaging Reporting and Data System
(LI-RADS) classification, we refer to the published liter-
ature (Dietrich et al. 2016; Kim et al. 2017; Kono et al.
2017; Piscaglia et al. 2017; Schellhaas et al. 2017,
2018a, 2018b; Lyshchik et al. 2018; Wilson et al. 2018;
Wang et al. 2020). The sensitivity of CEUS in the diag-
nosis of HCCs is 88% (95% CI: 84%—92%) according
to a meta-analysis including 1333 HCCs from 19 studies
(Friedrich-Rust et al. 2013).

Recommendation 16. CEUS can be utilized as the first
line in characterization of FLLs found in patients with
liver cirrhosis to establish a diagnosis of malignancy
(CEUS LR-M) or, specifically, HCC (CEUS LR-5), but
CT or MR imaging is required for accurate staging
unless contraindicated. (LoE2, weak recommendation)
(Pro 29, Against 0, Abstain 0)

Recommendation 17. CEUS can be utilized when CT or
MR imaging is inconclusive, especially in FLLs in cir-
rhotic liver not suitable for biopsy, to assess the probabil-
ity that a lesion is an HCC. (LoE3, weak
recommendation) (Pro 29, Against 0, Abstain 0)

Recommendation 18. CEUS can be utilized for the selec-
tion of FLL(s) in a cirrhotic liver to be biopsied when
they are multiple or have different contrast patterns.
(LoE4, weak recommendation) (Pro 28, Against 0,
Abstain 1)

Recommendation 19. CEUS can be used to monitor
changes in enhancement patterns in FLLs in cirrhotic
liver requiring follow-up. (LoE4, weak recommenda-
tion) (Pro 29, Against 0, Abstain 0)

CHARACTERIZATION OF PORTAL VEIN
THROMBOSIS

CEUS is superior to color Doppler US for the diag-
nosis of portal vein thrombosis (Tarantino et al. 2006).
Acute bland thrombus is typically “avascular” and
appears as a void within the enhancing liver in all phases
of CEUS but is best visualized during the PVP. A
“tumor-in-vein” has the same enhancement characteris-
tics as the tumor from which it originated, including
rapid APHE and washout (Rossi et al. 2006, 2008; Tar-
antino et al. 2006; Ueno et al. 2006; Song et al. 2010;
Danila et al. 2011; Raza et al. 2014; Chammas et al.
2019).
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Differential diagnosis between partially occlusive/
re-canalized bland thrombus and “tumor-in-vein” is
more challenging. For reliable differentiation, careful
assessment of the time of arrival of the UCA at the vein
is needed. Early arrival of UCA at the lesion in the portal
vein at about the same time as opacification of hepatic
arteries suggests tumor but this behavior is not specific
to HCCs. Tumors in peripheral portal veins may be mis-
taken for tumor nodules, erroneously downstaging the
patient. Avoidance is facilitated by real-time imaging
while sweeping through the liver, especially in the PVP,
to depict the tubular configuration of the tumor and its
continuity with more central portal or hepatic veins.

The tumor source of a malignant portal vein throm-
bus may be obvious, or it may be identified with the
assistance of CEUS. A suspicious thrombus within the
portal vein may be amenable to US guided biopsy, tar-
geting, if possible, any enhancing regions within the
thrombus (Rossi et al. 2006; Tarantino et al. 2006; Sor-
rentino et al. 2009; Raza et al. 2014).

Recommendation 20. CEUS is recommended for differ-
entiation between benign and malignant portal vein
thrombosis. (LoE 2, strong recommendation) (Pro 26,
Against 0, Abstain 0)

CONTRAST-ENHANCED INTRA-OPERATIVE US

Several studies using different UCAs have reported
that contrast-enhanced intra-operative US (CE-IOUS)
enhances tumor detection and allows assessment of the
region for resection, where previously a pre-treatment
colorectal liver metastasis was present but has regressed
(Torzilli et al. 2004, 2007, 2014; Leen et al. 2006; Fioole
et al. 2008; Nakano et al. 2008; Arita et al. 2011a,
2011b; Huf et al. 2017). In particular, CE-IOUS has
proven valuable for the differential diagnosis between
HCC and dysplastic nodule, using both SonoVue (Tor-
zilli et al. 2007) and Sonazoid (Arita et al 2011a). In
addition, CE-IOUS may have a significant impact on sur-
gical strategy depending on the attitude of the surgeon
(Jones et al. 2012). The study procedure and image inter-
pretation of CE-IOUS examination are the same as for
the transabdominal approach described earlier in this
article (Torzilli et al. 2004). The most important differ-
ence is that CE-IOUS is performed during the surgical
procedure and uses an intra-operative transducer, which,
because of its higher frequency, may require a higher
UCA dosage.

Recommendation 21. CE-IOUS can be used to detect
and characterize FLLs not detected at pre-operative
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imaging. (LoE 3, strong recommendation) (Pro 27,
Against 0, Abstain 0)

Recommendation 22. CE-IOUS is recommended for
assessment of the region for resection, where previously
a pre-treatment colorectal liver metastasis was present
but has regressed. (LoE 2, strong recommendation) (Pro
27, Against 0, Abstain 0)

CEUS FOR GUIDING BIOPSY

Ultrasound is an established technique for guiding
biopsy of FLLs, with an excellent safety profile and
good overall accuracy (Lorentzen et al. 2015a, 2015b;
Sidhu et al. 2015). Ultrasound is inferior to MR and CT
in detecting liver lesions, but the sensitivity of CEUS is
comparable with that of CECT and CEMRI; importantly,
CEUS enables real-time guidance of the biopsy proce-
dure. The addition of CEUS could potentially increase
the diagnostic outcome of percutaneous biopsies for four
different reasons (Bang et al. 2000; Skjoldbye et al.
2002; Schlottmann et al. 2004; Wu et al. 2006; Yoon
et al. 2010; Park et al. 2015; Sparchez et al. 2015; Eso
et al. 2016; Kang et al. 2017, 2018; Francica et al.
2018a, 2018b; Nolsoe et al. 2018; Cao et al. 2019):

® Biopsies can be taken from perfused areas to avoid
necrosis or avascular tissue (Bang et al. 2000; Wu
et al. 2006; Sparchez et al. 2015; Eso et al. 2016;
Francica et al. 2018a, 2018b; Nolsoe et al. 2018; Cao
et al. 2019).

® Biopsies can be taken of poorly visualized or
“invisible” lesions on B-mode US (Skjoldbye et al.
2002; Schlottmann et al. 2004; Yoon et al. 2010; Park
et al. 2015; Sparchez et al. 2015; Kang et al. 2017,
2018; Nolsoe et al. 2018; Cao et al. 2019).

® Biopsy can be avoided completely if a CEUS study
unequivocally reveals typical features of benign FLL
or HCC in an appropriate patient population (Claudon
et al. 2013a, 2013b).

® The combination of image fusion techniques and
CEUS may have a synergistic effect on both modali-
ties. CEUS fusion has been proven to visualize lesions
invisible by conventional US fusion in a substantial
number of cases (Kang et al. 2017, 2018).

Study procedure

Depending on the contrast agent, a two-step proce-
dure is recommended. Typically, the first UCA dose is
injected to characterize the target lesion and select a
zone for biopsy; the second dose used for the CEUS-
guided biopsy itself. Dual-screen contrast imaging is rec-
ommended with simultaneous contrast imaging on one
side to visualize the lesion and conventional B-mode

imaging on the other side to track the needle. Biopsy
should be performed during the contrast phase in which
the lesion is best visualized. CEUS before a suggested
US-guided biopsy of an FLL can help by avoiding
biopsy in the case of a diagnostically unequivocal CEUS
result. Conventional un-enhanced US guidance is ade-
quate for biopsy of most tumors detected on real-time
US, and there is no rationale for substituting CEUS guid-
ance for routine use.

Recommendation 23. CEUS guidance should be
attempted to biopsy FLLs that are invisible or inconspic-
uous at B-mode imaging. (LoE 1, strong recommenda-
tion) (Pro 27, Against 0, Abstain 2)

Recommendation 24. CEUS guidance should be consid-
ered for FLLs with potential necrotic areas or if previous
biopsy resulted in necrotic material. (LoE 4, weak rec-
ommendation) (Pro 29, Against 0, Abstain 0)

INTRACAVITARY USES

Intracavitary CEUS (ICCEUS, intracavitary admin-
istration of UCAs) is increasingly used as an adjunct to
US-guided interventional techniques (Cui et al. 2015,
2016; Lorentzen et al. 2015a, 2015b; Yusuf et al. 2018).
Concepts and techniques have been published (Heinz-
mann et al. 2012; Ignee et al. 2013, 2016). Liver abscess
drainage and biliary drainage procedures using ICCEUS
have been described in detail. A systematic review cov-
ering the role of CEUS in relation to percutaneous inter-
vention has been published (Nolsoe et al. 2018).

Study procedure

The standard dosage for intracavitary CEUS is
approximately 1 drop of UCA per 10 mL of normal
saline but may vary with the anticipated distribution vol-
ume (e.g., ascites). Higher concentrations are possible
for problem-solving decisions, but accurate imaging is
dependent on correct dilution dosage; high concentra-
tions will result in acoustic shadowing. Higher-fre-
quency transducers (linear, endoscopic US) demand
higher concentrations.

CEUS-guided biliary interventions

CEUS-guided percutaneous cholangiography can
delineate the biliary tree via drainage catheters or
T-tubes placed intra-operatively or during endoscopic
access (Zuber-Jerger et al. 2008; Ignee et al. 2009a,
2015; Xu et al., 2009, 2012; Mao et al. 2010; Zheng
et al. 2010; Chopra et al. 2012; Luyao et al. 2012; Velosa
et al. 2013; Daneshi et al. 2014; Urade et al. 2014). Intra-
operatively, 3-D intracavitary CEUS can aid the surgeon
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in planning resection lines (Zuber-Jerger et al. 2008;
Ignee et al. 2009a, 2015; Xu et al., 2009; Mao et al.
2010; Zheng et al. 2010; Chopra et al. 2012; Luyao et al.
2012; Velosa et al. 2013; Daneshi et al. 2014; Urade
etal. 2014).

ICCEUS of the biliary tree is used during the inter-
vention procedure

® to demonstrate puncture or cannulation success

® to evaluate for communication with other structures,
for example, intestine (Velosa et al. 2013), pleural
cavity (Ignee et al. 2009a, 2009b, 2015), gallbladder,
vessels (Daneshi et al. 2014) and abscesses

® to evaluate the level of obstruction (Luyao et al. 2012)
and after the interventional procedure

® to evaluate for dislodgement or occlusion

Importantly, intracavitary CEUS reduces or obvi-
ates radiation exposure during the intervention. In addi-
tion, it has a positive impact on patient logistics during
both the procedure and follow-up by making transport of
the patient to an X-ray fluoroscopy room unnecessary
when catheter dislodgement is suspected, allowing bed-
side investigation with a portable US system.

CEUS for the abscess drainage

Image-guided liver abscess management, normally
with US or CT guidance, is a standard procedure, with
the advantages of both efficiency and effectiveness,
allowing percutaneous abscess drainage with either a
needle or a catheter, with concurrent lavage (Lorentzen
et al. 2015a, 2015b). During image-guided intervention,
correct placement of the needle or the drainage catheter
can be confirmed using intracavitary CEUS (Ignee et al.
2016). Communication with other abscess cavities or
other structures can be revealed or excluded (e.g., bile
duct, pancreatic pseudocyst, peritoneal cavity, pleural
space), resulting in additional interventions in a number
of instances (biliary drainage, pleural drainage, addi-
tional abscess interventions in complex cases, pseudo-
cyst intervention, etc.). During follow-up, the cavity size
can be evaluated, and dislodgement of a drainage cathe-
ter can be identified or excluded (Girlich et al. 2011;
Muller et al. 2015).

Recommendation 25. ICCEUS can be used for delinea-
tion of the liver abscess cavity and identification of cor-
rect drain position and of communication with other
structures. (LoE 3, weak recommendation) (Pro 28,
Against 0, Abstain 1)

Recommendation 26. ICCEUS can be used to guide
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transhepatic biliary interventions. (LoE 3, weak recom-
mendation) (Pro 27, Against 1, Abstain 1)

CEUS FOR INTERVENTIONAL TUMOR
ABLATION

Ultrasound is the most commonly used imaging
modality for guiding ablation therapies in patients with
liver tumors (Lencioni and Crocetti 2012; Liu et al.
2018). US allows real-time precise placement of the
ablation needle in any visualized target lesion. The pro-
cedure is tolerable, rapid and cost-effective in compari-
son to other imaging modalities, allowing positioning
within the target in a short time (Lorentzen et al. 2015a,
2015b). The adjunctive use of CEUS is recommended
for pre-treatment evaluation of the ablation target and
for peri-procedural assessment of treatment results (Lor-
entzen et al. 2015a, 2015b; Nolsoe et al. 2018). CEUS-
Guided ablation of liver tumors may be dispensed with
when the lesion target is well recognizable at conven-
tional B-mode US.

Pre-treatment CEUS

Pre-treatment evaluation includes assessment of abla-
tion target size, vascularization and tumor margins. For
ablative treatment of undetected or inconspicuous target
lesions at un-enhanced US, availability of CEUS-guided
technology and possibly real-time CEUS fusion imaging is
of pivotal importance (Liu et al. 2011; Chan et al. 2015;
Park et al. 2015; Bo et al. 2016; Francica et al. 2018a,
2018b). Often, two intravenous injections are required: the
first to identify the target lesion and plan treatment, the sec-
ond for correct positioning of the ablation needle. For
CEUS, a dual screen is recommended to allow the simulta-
neous real-time visualization of the probe insertion with
both conventional B-mode US and CEUS.

Recommendation 27. CEUS before US-guided ablation
procedure is recommended as a complement to US, CT
and MRI for treatment planning. (LoE 2, strong recom-
mendation) (Pro 27, Against 0, Abstain 2)

Recommendation 28. CEUS guidance is recommended
for the US-guided ablation of tumors that are invisible or
inconspicuous on US. (LoE 2, strong recommendation)
(Pro 27, Against 0, Abstain 2)

Performance of CEUS 10— 15 min after ablation treat-
ment should be considered for immediate evaluation of ther-
apeutic efficacy and for early detection of residual viable
tumor, which allows for instantaneous CEUS-guided re-
ablation under the same anesthesia. This technique has been
proven to decrease both the number of second ablation
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sessions and the tumor recurrence rate during follow-up
(Meloni et al. 2012; Mauri et al. 2014; Xu et al. 2019). Sim-
ilarly, CEUS fusion imaging with CT/MRI for peri-proce-
dural assessment of ablation has been reported to enable
immediate repeat ablations under CEUS or CEUS-CT/MR
fusion imaging guidance and to decrease long-term local
tumor progression (Numata et al. 2012; Zhong-Zhen et al.
2012; Li et al. 2016; Makino et al. 2016; Ye et al. 2019).

Study procedure

After cessation of ablation, a 5- to 10-min period is
necessary before performing CEUS to allow the hyper-
echoic “cloud” of gas produced during the ablation to
diffuse into tissue. In cases of residual tumor, a second
CEUS injection must be used to allow correct insertion
of the ablation needle.

Recommendation 29. CEUS is recommended for evalua-
tion of the treatment effect after ablation and guidance
for immediate US-guided re-treatment of residual tumor.
(LoE 2, strong recommendation) (Pro 26, Against 2,
Abstain 0)

Post-treatment CEUS

CEUS is a reliable method for evaluation of the
ablation margin and detection of tumor recurrence,
potentially reducing the number of CT examinations
needed during follow-up (Choi et al. 2003; Kisaka et al.
2006; Minami et al. 2007; Lencioni and Llovet 2010;
Frieser et al. 2011; Zhong-Zhen et al. 2012; Zheng et al.
2013; Quetal. 2013; Xu et al. 2019; Ye et al. 2019).

Follow-up CEUS

The purpose of first post-ablation CEUS is to evalu-
ate immediate treatment response of the target lesion (by
size, perfusion, safety margin and residual viable tumor)
and to look for complications (such as hemorrhage,
hepatic infarction, bile duct dilation, abscess, biliary
tumor, etc.) (Chen et al. 2004; Meloni et al. 2012). Regu-
lar CEUS follow-up weeks to months after ablation can
detect local recurrence and new lesions (Frieser et al.
2011; Liu et al. 2011; Bo et al. 2016; Francica et al.
2018a, 2018b; Nolsoe et al. 2018). Frequently, more
than one injection is required to evaluate multi-ablated
lesions, any suspicious areas or new lesions.

Recommendation 30. CEUS is recommended as the pri-
ority imaging method in the follow-up after ablation
treatment to identify residual or recurrent tumor at
appropriate time intervals. (LoE 2, strong recommenda-
tion) (Pro 24, Against 0, Abstain 3)

In the early post-ablation evaluation (within the first
30 d), a thin, uniform enhancing hyperemic rim is visible
along the periphery of the necrotic region, similar to the
findings on CECT. Due attention must be paid to avoid
confusing this with recurrence.

MONITORING MEDICAL TUMOR TREATMENT
RESPONSE

Neo-angiogenesis is an important target for novel
anti-cancer treatments and many new anti-angiogenesis
or anti-vascular treatments aim at destroying or limiting
the growth of tumor vessels (Ferrara and Kerbel 2005;
Kessler et al. 2010). Dynamic CEUS (DCEUS) has
emerged for monitoring the response to these drugs (Die-
trich et al. 2012a). Initially, such monitoring relied on
qualitative analyses only. More recently, robust and
quantitative features have been developed. To achieve
successful results, standardization and strict control of
scanner settings are needed (Dietrich et al. 2012a).

Methodology and equipment for quantification

Measurements of contrast kinetics are performed
using a time—intensity curve (TIC) analysis of dynamic
contrast enhancement. Background subtraction is neces-
sary to compensate for attenuation effects (Bos et al.
1995) and extract reliable time-based features, such as
time to peak and mean transit time. However, the non-
linear compression applied to the original signals
(required to display them on video monitors) distorts
amplitude-based TIC features (e.g., peak intensity and
area under the curve) (Peronneau et al. 2010). The
majority of reports have used uncompressed, post-beam-
formed data (radiofrequency data are not required
because the phase information is not essential). TICs
based on such raw data sets allow for accurate assess-
ment of both time-based and amplitude-dependent fea-
tures. All manufacturers that supply built-in analysis
packages on their scanners use this type of data, but off-
line software packages are also available (Cosgrove and
Lassau 2010). For details on the administration of UCA
and quantitative analysis, we refer to the EFSUMB posi-
tion paper (Dietrich et al. 2012a).

Assessment of anti-angiogenic treatment

Because antiangiogenic treatments frequently induce
necrosis without causing tumor shrinkage, functional
imaging techniques are particularly suitable for the early
assessment of response, a task for which both the RECIST
and World Health Organization (WHO) size criteria
(World Health Organization 1979; Therasse et al. 2000)
are unsatisfactory. Studies of various types of tumors,
such as HCC, gastrointestinal stromal tumor (GIST) and
renal cell carcinoma, treated with anti-angiogenic
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therapies have confirmed that DCEUS may allow early
prediction of response to treatment (De Giorgi et al. 2005;
Lamuraglia et al. 2006; Lassau et al. 2006, 2010, 2011,
2012, 2017; Lencioni et al. 2006; Seitz 2010; Frampas
et al. 2013; Hudson et al. 2015, 2018; Lazar et al. 2014;
Lo et al. 2016; Wu et al. 2017; Klinger et al. 2019). The
first multicenter study including more than 500 patients in
19 centers (Lassau 2014) correlated DCEUS with progres-
sion-free survival (PFS) and overall survival (OS). A 40%
decrease in the area under the curve at 1 mo was corre-
lated to PFS and OS in patients treated with thyrosine
kinase inhibitors (O’Connor et al. 2017).

Recommendation 31. DCEUS can be used in the quanti-
tative assessment of response to targeted therapies in
patients with malignant tumors of the liver. (LoE 2,
weak recommendation) (Pro 22, Against 0, Abstain 5)

Pediatric liver lesions

US imaging is the ideal imaging technique for many
areas in pediatrics and should be the first-line imaging
modality whenever practicable (Sidhu et al. 2017). The
advantages of US are established: it is child-friendly,
easy to use in the difficult child and repeatable and has
limited safety issues. Moreover, in liver imaging, the rel-
atively fat-free body habitus of the child renders US an
ideal technique for assessment of FLLs. CEUS in the
assessment of pediatric liver lesions has been investi-
gated by a number of groups, predominantly in Europe
and almost exclusively using the agent SonoVue, with
some reports from North America using Definity; these
agents were used off-label in children. The FDA has
approved the use of Lumason in the assessment of FLLs
in children. This is likely to increase the use of CEUS as
a first-line imaging method for the incidental FLL, as
well as for the assessment of malignancy, recurrence and
treatment response, in the pediatric population (Jacob
et al. 2013).

Experience with the assessment of pediatric FLL has
been based on the extensive investigations of adult FLL,
with initial experience using SonoVue in pediatric practice
centered mainly around the investigation of indeterminate
FLLs seen on an US examination (Jacob et al. 2013). A sin-
gle study applying adult criteria to the CEUS diagnosis of
FNH and HCA found good concordance with MRI and CT
imaging (Fang et al. 2019). More extensive experience has
been documented with blunt abdominal trauma of the liver
and in the follow-up of focal areas of injury in the liver
(Valentino et al. 2008; Menichini et al. 2015; Durkin et al.
2016). Experience using CEUS in the assessment of liver
transplant recipients is limited, with studies reporting suc-
cess mainly with areas of infarction and abscess formation,
with vascular “Doppler rescue” useful (Bonini et al. 2007;

Volume 46, Number 10, 2020

Rennert et al. 2012; Torres et al. 2019). For details we refer
to the EFSUMB position paper Role of Contrast-Enhanced
Ultrasound (CEUS) in Paediatric Practice: An EFSUMB
Position Statement (Sidhu et al. 2017).

Safety and dose

The most extensive assessment of safety in children
has been with SonoVue, with reports of severe anaphy-
laxis in 1 of 137 patients (0.6%) studied (Piskunowicz
et al. 2015) and two minor delayed adverse reactions in
2 of 305 patients (0.7%) in a review of local clinical
practice (Yusuf et al. 2017). Current evidence suggests
that the safety profile of SonoVue use in children is simi-
lar to that in adults.

The FDA-recommended dose for Lumason in
assessing FLL is based on weight, 0.03 mL/kg, not
exceeding 2.4 mL per injection. On a more practical
basis, other authors have indicated a dose regime for the
liver that is age based, with adult doses for children >12
y of age (SonoVue 2.4 mL), half the adult dose between
6 and 12 y (1.2 mL) and one-quarter the adult dose under
the age of 6 y (0.6 mL), well within the safety margins
of dose-finding studies in adults (Yusuf et al. 2017).
These relatively small doses may continue to decrease as
imaging technology improves (Sidhu et al. 2017).

Indications for pediatric liver CEUS

® The child with any incidentally discovered FLLs on
US examination should also have the opportunity to
be assessed with CEUS. The CEUS examination
requires an intravenous line, as would a CECT or
CEMRI examination. Limited evidence suggests that
the CEUS assessment of a FLL is as accurate in the
child as in the adult, without the morbidity of ionizing
radiation, iodinated contrast or gadolinium-based con-
trast or the need for sedation or general anesthesia.

® Any indeterminate FLL in a child with underlying
chronic liver disease from any cause on a follow-up
program should be examined by CEUS before any
other imaging, so that further imaging is avoided if
the lesion is categorically benign.

® The assessment of vascular complications after liver
transplantation benefits from the “Doppler rescue” of a
CEUS examination before resorting to a CT examination.

® Initial investigation of blunt abdominal trauma in
children should involve a CT examination except
for the most trivial trauma. Follow-up of the iden-
tified areas of localized, low-energy liver trauma
may be readily performed with a CEUS examina-
tion, where a complicating traumatic pseudoaneur-
ysm is readily identified and progressive healing of
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lacerations or hematomas can be recorded on serial
investigations.

Recommendation 32. CEUS assessment of FLLs in chil-
dren is consistent with findings in the adult patients, and
it should be used to characterize these lesions. (LoE 2b,
strong recommendation) (Pro 25, Against 0, Abstain 0)

Recommendation 33. CEUS follow-up of traumatic liver
injuries in children should be utilized for the assessment
of complications, reducing ionizing radiation exposure
(LoE 2, strong recommendation) (Pro 26, Against 0,
Abstain 1)

DOCUMENTATION

All US examinations should principally be docu-
mented both by wording and by image storage to ensure
high-quality patient care (American Institute of Ultra-
sound in Medicine 2020). However, there exists little
scientific evidence to substantiate how this should be
done. This is a matter of expert opinion and practice dif-
fers substantially worldwide. Each image lesion should
be described in terms of size, localization (liver segment)
and contrast enhancement in all phases (Piscaglia et al.
2012). The operator should record the temporal behavior
and degree of enhancement relative to surrounding tissue
(non-enhanced, hypo-enhanced, iso-enhanced or hyper-
enhanced), as well as the UCA distribution (homoge-
neous or heterogeneous) (Dietrich et al. 2018b).

The written report must include type and dose of
UCA applied. Furthermore, the enhancement pattern in
all phases should be described with a conclusion regard-
ing diagnosis and follow-up. It is important to report
washout timing in actual seconds or minutes. Real-time
video clips should be recorded, preferably digitally, in a
format which enables later retrieval and comparison
(Stenman et al. 2013). The clips should ideally show the
whole examination, but at least the AP and other clini-
cally relevant parts of the scan should be recorded and
stored. Cine loops can be supplied with still images of
relevant findings. Finally, the clips and images should be
archived permanently.

Recommendation 34. The user of a CEUS examination
should report the type and dose(s) of contrast agent, the
enhancement pattern and clinically relevant findings in a
written format. (LoE 5, strong recommendation) (Pro 27,
Abs 1, Against 0)

Recommendation 35. During the CEUS examination
representative images and cine loops should be captured

and stored according to the relevant medical-legal frame-
work. (LoE 5, strong recommendation) (Pro 26, Abs 0,
Against 2)

CLINICAL TRAINING AND EDUCATION

Adequate knowledge and hands-on training are pre-
requisites for building competence in the use of CEUS.
Therefore, it is of great importance to maintain high-
quality education and high professional standards in the
practice of CEUS. In 2006, three levels of training
requirements were defined by EFSUMB (Lencioni et al.
2006), with Appendix 14 specifically addressing the use
of CEUS (Seitz 2010). It is recommended that CEUS
should be performed by operators who have obtained
adequate expertise with both conventional US and
CEUS. They should be familiar with these techniques
and the distribution of pathologies within their local
medical environment; they should be recognized as com-
petent by local standards and the relevant medicolegal
framework. Some federations offer dedicated CEUS
courses on a regular basis, often in collaboration with
the UCA- or US-equipment industry, and it is beneficial
for any user of CEUS to attend such educational activi-
ties (Gilja 2009). It is advised that investigators intend-
ing to start using CEUS attend relevant courses and
spend time under the supervision of an expert. Ideally,
their own department should have a sufficient volume of
examinations to maintain adequate numbers of cases
with various pathologies. Furthermore, it is advised that
the manufacturers are consulted to maintain up-to-date
CEUS scanner software. The practice of CEUS also
requires knowledge of UCA administration, contra-indi-
cations and necessary skills to handle possible side
effects within the medicolegal framework of the country
of practice.

Recommendation 36. Users must have adequate knowl-
edge and training in CEUS, UCA administration and
contraindications, and perform the examination within
the relevant medico-legal framework. (LoE 5, strong rec-
ommendation) (Pro 27, Against 0, Abstain 1)

ERRORS AND ARTIFACTS IN CEUS OF THE
LIVER

Errors may occur in CEUS of the liver because of the
limitations of CEUS and other factors, such as contrast
dose, mechanical index, image artifacts, background
noise, pseudo-enhancement, unintended microbubble
destruction, attenuation, shadowing and prolonged hetero-
geneous liver enhancement. These errors may result in
lesion mis-characterization. It is recommended that CEUS
imaging interpretation should be performed in
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conjunction with analysis of the patient’s clinical history,
symptoms and laboratory values. In select cases when
CEUS imaging results are discordant, correlation with
other imaging modalities or tissue sampling might be
advised.

Recommendation 37. Appropriate dose of contrast agent
based on lesion location, patient factors and sensitivity
of the US scanner, as well as imaging with an appropri-
ate low mechanical index, should be used to produce
high-quality CEUS images. (LoE 5, strong recommenda-
tion) (Pro 26, Against 0, Abstain 2)

Similar to every other imaging modality, image
artifacts are often encountered in liver CEUS (Dietrich
etal. 2011, 2014; Fetzer et al. 2018). They may be intrin-
sic to contrast-mode imaging itself or relate to traditional
B-mode artifacts. Some artifacts may affect image qual-
ity or simulate pathology but rarely result in misdiagno-
sis (Cui et al. 2014a, 2014b). Others may be useful,
leading to a more confident diagnosis.

Recommendation 38. When using CEUS, a knowledge of
artifacts associated with CEUS is recommended. (LoE 5,
strong recommendation) (Pro 27, Against 0, Abstain 1)

Acknowledgment—The authors thank the WFUMB administrator,
Lynne Rudd, for her excellent support of the guidelines process. Funds
to cover economy travel, accommodations, and a full day meeting for
each author in Grenada, Spain in May 2019 were provided by the fol-
lowing companies: BK Ultrasound, Bracco, Esaote, GE Healthcare,
Hitachi, Lantheus, Mindray, Philips, Toshiba, Samsung, Siemens, and
Supersonic Imagine. Representatives from some of the companies
were present at the consensus meeting to assist with product technical
information but did not take part in forming the recommendations or
writing the manuscript. We thank each company for making this con-
sensus meeting possible.

REFERENCES

Albrecht T, Blomley M, Bolondi L, Claudon M, Correas JM, Cosgrove
D, Greiner L, Jager K, Jong ND, Leen E, Lencioni R, Lindsell D,
Martegani A, Solbiati L, Thorelius L, Tranquart F, Weskott HP,
Whittingham T, Group ES. Guidelines for the use of contrast agents
in ultrasound. January 2004. Ultraschall Med 2004;25:249-256.

American Institute of Ultrasound in Medicine. AIUM practice parame-
ter for documentation of an ultrasound examination. J Ultrasound
Med 2020;21:E1-E4.

Anderson SW, Kruskal JB, Kane RA. Benign hepatic tumors and iatro-
genic pseudotumors. Radiographics 2009;29:211-229.

Arita J, Hasegawa K, Takahashi M, Hata S, Shindoh J, Sugawara Y,
Kokudo N. Correlation between contrast-enhanced intraoperative
ultrasound using Sonazoid and histologic grade of resected hepato-
cellular carcinoma. AJR Am J Roentgenol 2011;196:1314-1321.

Arita J, Takahashi M, Hata S, Shindoh J, Beck Y, Sugawara Y, Hase-
gawa K, Kokudo N. Usefulness of contrast-enhanced intraoperative
ultrasound using Sonazoid in patients with hepatocellular carci-
noma. Ann Surg 2011b;254:992-999.

Volume 46, Number 10, 2020

Bang N, Bachmann Nielsen M, Vejborg I, Mellon Mogensen A. Clini-
cal report: contrast enhancement of tumor perfusion as a guidance
for biopsy. Eur J Ultrasound 2000;12:159-161.

Barr RG. Contrast enhanced ultrasound for focal liver lesions: how
accurate is it?. Abdom Radiol (NY) 2018;43:1128-1133.

Barreiros AP, Piscaglia F, Dietrich CF. Contrast enhanced ultrasound
for the diagnosis of hepatocellular carcinoma (HCC): Comments
on AASLD guidelines. J Hepatol 2012;57:930-932.

Barreiros AP, Chiorean L, Braden B, Dietrich CF. Ultrasound in rare
diffuse liver disease. Z Gastroenterol 2014;52:1247-1256.

Bartolotta TV, Sandonato L, Taibbi A, Latteri S, Soresi M, Lombardo
G, Genova C, Latteri MA. [Focal liver lesions: clinical usefulness
of contrast-enhanced ultrasound in the selection of surgical
patients]. Chir Ital 2009;61:295-307.

Bernatik T, Seitz K, Blank W, Schuler A, Dietrich CF, Strobel D.
Unclear focal liver lesions in contrast-enhanced ultrasonography—
Lessons to be learned from the DEGUM multicenter study for the
characterization of liver tumors. Ultraschall Med 2010;31:577-581.

Biecker E, Fischer HP, Strunk H, Sauerbruch T. Benign hepatic
tumours. Z Gastroenterol 2003;41:191-200.

Bo XW, Xu HX, Wang D, Guo LH, Sun LP, Li XL, Zhao CK, He YP,
Liu BJ, Li DD, Zhang K. Fusion imaging of contrast-enhanced
ultrasound and contrast-enhanced CT or MRI before radiofre-
quency ablation for liver cancers. Br J Radiol 2016;89 20160379.

Bonini G, Pezzotta G, Morzenti C, Agazzi R, Nani R. Contrast-
enhanced ultrasound with SonoVue in the evaluation of postopera-
tive complications in pediatric liver transplant recipients. J Ultra-
sound 2007;10:99-106.

Boozari B, Soudah B, Rifai K, Schneidewind S, Vogel A, Hecker H,
Hahn A, Schlue J, Dietrich CF, Bahr MJ, Kubicka S, Manns MP,
Gebel M. Grading of hypervascular hepatocellular carcinoma using
late phase of contrast enhanced sonography: A prospective study.
Dig Liver Dis 2011;43:484-490.

Bos LJ, Piek JJ, Spaan JA. Background subtraction from time—intensity
curves in videodensitometry: a pitfall in flow assessment using con-
trast echocardiography. Ultrasound Med Biol 1995;21:1211-1218.

Burns PN, Wilson SR. Focal liver masses: enhancement patterns on
contrast-enhanced images—Concordance of US scans with CT
scans and MR images. Radiology 2007;242:162-174.

Cantisani V, Ricci P, Erturk M, Pagliara E, Drudi F, Calliada F, Mor-
tele K, D’ Ambrosio U, Marigliano C, Catalano C, Marin D, Di Seri
M, Longo F, Passariello R. Detection of hepatic metastases from
colorectal cancer: Prospective evaluation of gray scale US versus
SonoVue low mechanical index real time-enhanced US as com-
pared with multidetector-CT or Gd-BOPTA-MRI. Ultraschall Med
2010;31:500-505.

Cao BS, Li XL, Li N, Wang ZY. The nodular form of hepatic tubercu-
losis: contrast-enhanced ultrasonographic findings with pathologic
correlation. J Ultrasound Med 2010;29:881-888.

Cao X, Liu Z, Zhou X, Geng C, Chang Q, Zhu L, Feng W, Xu T, Xin
Y. Usefulness of real-time contrast-enhanced ultrasound guided
coaxial needle biopsy for focal liver lesions. Abdom Radiol (NY)
2019;44:310-317.

Catalano O, Sandomenico F, Raso MM, Siani A. Low mechanical
index contrast-enhanced sonographic findings of pyogenic hepatic
abscesses. AJR Am J Roentgenol 2004;182:447-450.

Catalano O, Sandomenico F, Nunziata A, Raso MM, Vallone P, Siani
A. Transient hepatic echogenicity difference on contrast-enhanced
ultrasonography: sonographic sign and pitfall. J Ultrasound Med
2007;26:337-345.

Cha EY, Kim KW, Choi YJ, Song JS, Cho KJ, Lee MG. Multicystic cav-
ernous haemangioma of the liver: Ultrasonography, CT, MR appear-
ances and pathologic correlation. Br J Radiol 2008;81:e37—e39.

Chammas MC, Oliveira AC, MJ DA, Moraes PH, Takahashi MS.
Characterization of malignant portal vein thrombosis with con-
trast-enhanced  ultrasonography.  Ultrasound Med  Biol
2019;45:50-55.

Chan AK, Hegarty C, Klass D, Yoshida E, Chung S, Liu DM, Ho SG,
Harris AC. The role of contrast-enhanced ultrasound in guiding
radiofrequency ablation of hepatocellular carcinoma: A retrospec-
tive study. Can Assoc Radiol J 2015;66:171-178.


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0001
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0001
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0001
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0001
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0001
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0003
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0003
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0002s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0005
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0005
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0005
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0005
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0007
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0007
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0009
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0009
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0010
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0010
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0010
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0010
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0011
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0011
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0011
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0011
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0012
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0012
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0013
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0013
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0013
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0013
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0014
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0014
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0014
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0014
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0015
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0015
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0015
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0015
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0015
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0016
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0016
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0016
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0016
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0017
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0017
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0017
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0018
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0019
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0019
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0019
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0020
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0020
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0020
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0020
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0021
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0021
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0021
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0022
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0022
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0022
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0022
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0023
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0023
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0023
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0024
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0024
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0024
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0024
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0025
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0025
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0025
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0025

Guidelines for CEUS in the liver—Update 2020 ® C. F. DIETRICH et al. 2597

Chen MH, Yang W, Yan K, Zou MW, Solbiati L, Liu JB, Dai Y. Large
liver tumors: Protocol for radiofrequency ablation and its clinical
application in 110 patients—Mathematic model, overlapping mode,
and electrode placement process. Radiology 2004;232:260-271.

Chen MH, Dai Y, Yan K, Fan ZH, Yin SS, Yang W, Wu W, Wang YB,
Li JY. The role of contrast-enhanced ultrasound on the diagnosis of
small hepatocellular carcinoma (<3 cm) in patients with cirrhosis.
Hepatol Res 2006;35:281-288.

Chen LD, Xu HX, Xie XY, Lu MD, Xu ZF, Liu GJ, Liang JY, Lin MX.
Enhancement patterns of intrahepatic cholangiocarcinoma: com-
parison between contrast-enhanced ultrasound and contrast-
enhanced CT. Br J Radiol 2008;81:881-889.

Chiorean L, Caraiani C, Radzina M, Jedrzejczyk M, Schreiber-Die-
trich D, Dietrich CF. Vascular phases in imaging and their role in
focal liver lesions assessment. Clin Hemorheol Microcirc
20152;62:299-326.

Chiorean L, Cui XW, Tannapfel A, Franke D, Stenzel M, Kosiak W,
Schreiber-Dietrich D, Jungert J, Chang JM, Dietrich CF. Benign
liver tumors in pediatric patients—Review with emphasis on imag-
ing features. World J Gastroenterol 2015b;21:8541-8561.

Choi D, Lim HK, Lee WJ, Kim SH, Kim YH, Kim SH, Lim JH. Early
assessment of the therapeutic response to radio frequency ablation
for hepatocellular carcinoma: utility of gray scale harmonic ultraso-
nography with a microbubble contrast agent. J Ultrasound Med
2003;22:1163-1172.

Chopra SS, Eisele R, Stelter L, Seehofer D, Grieser C, Warnick P,
Denecke T. Contrast enhanced ultrasound cholangiography via T-tube
following liver transplantation. Ann Transplant 2012;17:108-112.

Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP,
Piscaglia F, Wilson SR, Barr RG, Chammas MC, Chaubal NG, Chen
MH, Clevert DA, Correas JM, Ding H, Forsberg F, Fowlkes JB, Gib-
son RN, Goldberg BB, Lassau N, Leen EL, Mattrey RF, Moriyasu F,
Solbiati L, Weskott HP, Xu HX. Guidelines and good clinical practice
recommendations for contrast enhanced ultrasound (CEUS) in the
liver - Update 2012. Ultraschall Med 2013a;34:11-29.

Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP,
Piscaglia F, Wilson SR, Barr RG, Chammas MC, Chaubal NG, Chen
MH, Clevert DA, Correas JM, Ding H, Forsberg F, Fowlkes B, Gib-
son RN, Goldberg BB, Lassau N, Leen EL, Mattrey RF, Moriyasu F,
Solbiati L, Weskott HP, Xu HX. Guidelines and good clinical practice
recommendations for contrast enhanced ultrasound (CEUS) in the
liver—Update 2012: A WFUMB—EFSUMB initiative in cooperation
with representatives of AFSUMB, AIUM, ASUM, FLAUS and
ICUS. Ultrasound Med Biol 2013b;39:187-210.

Cochran ST, Bomyea K, Sayre JW. Trends in adverse events after IV
administration of contrast media. AJR Am J Roentgenol
2001;176:1385-1388.

Committee for Medicinal Products for Human Use (CHMP). Assess-
ment report EMA/84084/2014. SonoVue. international non-prop-
erietary name: sulfur hexafluoride, Procedure No. EMEA/H/C/
000303/11/0025. 2014.

Corvino A, Catalano O, Setola SV, Sandomenico F, Corvino F,
Petrillo A. Contrast-enhanced ultrasound in the characterization
of complex cystic focal liver lesions. Ultrasound Med Biol
2015;41:1301-1310.

Corvino A, Catalano O, Corvino F, Sandomenico F, Petrillo A. Diag-
nostic performance and confidence of contrast-enhanced ultrasound
in the differential diagnosis of cystic and cysticlike liver lesions.
AJR Am J Roentgenol 2017;209:W119-W127.

Cosgrove D, Lassau N. Imaging of perfusion using ultrasound. Eur J
Nucl Med Mol Imaging 2010;37(Suppl 1):S65-S85.

Cui XW, Ignee A, Jedrzejczyk M, Dietrich CF. Dynamic Vascular Pat-
tern (DVP), a quantification tool for contrast enhanced ultrasound.
Z Gastroenterol 2013;51:427-431.

Cui XW, Ignee A, Hocke M, Seitz K, Schrade G, Dietrich CF. Pro-
longed heterogeneous liver enhancement on contrast-enhanced
ultrasound. Ultraschall Med 2014a;35:246-252.

Cui XW, Ignee A, Woenckhaus M, Dietrich CF. Hemangioendothe-
lioma, an imaging challenge. Endheu 2014b;27:34-36.

Cui XW, Ignee A, Baum U, Dietrich CF. Feasibility and usefulness of
using swallow contrast-enhanced ultrasound to diagnose Zenker’s

diverticulum:  preliminary results. Ultrasound Med Biol
2015;41:975-981.

Cui XW, Ignee A, Maros T, Straub B, Wen JG, Dietrich CF. Feasibility
and usefulness of intra-cavitary contrast-enhanced ultrasound in per-
cutaneous nephrostomy. Ultrasound Med Biol 2016;42:2180-2188.

D’Onofrio M, Crosara S, De Robertis R, Canestrini S, Cantisani V,
Morana G, Mucelli RP. Malignant focal liver lesions at contrast-
enhanced ultrasonography and magnetic resonance with hepatospe-
cific contrast agent. Ultrasound 2014;22:91-98.

D’Onofrio M, Crosara S, De Robertis R, Canestrini S, Mucelli RP.
Contrast-enhanced ultrasound of focal liver lesions. AJR Am J
Roentgenol 2015;205:W56-W66.

Daneshi M, Rajayogeswaran B, Peddu P, Sidhu PS. Demonstration of
an occult biliary—arterial fistula using percutaneous contrast-
enhanced ultrasound cholangiography in a transplanted liver. J Clin
Ultrasound 2014;42:108-111.

Danila M, Sporea I, Popescu A, Sirli R, Sendroiu M. The value of con-
trast enhanced ultrasound in the evaluation of the nature of portal
vein thrombosis. Med Ultrason 2011;13:102-107.

Darge K, Papadopoulou F, Ntoulia A, Bulas DI, Coley BD, Fordham LA,
Paltiel HJ, McCarville B, Volberg FM, Cosgrove DO, Goldberg BB,
Wilson SR, Feinstein SB. Safety of contrast-enhanced ultrasound in
children for non-cardiac applications: a review by the Society for
Pediatric Radiology (SPR) and the International Contrast Ultrasound
Society (ICUS). Pediatr Radiol 2013;43:1063-1073.

De Giorgi U, Aliberti C, Benea G, Conti M, Marangolo M. Effect of
angiosonography to monitor response during imatinib treatment in
patients with metastatic gastrointestinal stromal tumors. Clin Can-
cer Res 2005;11:6171-6176.

Dietrich CF, Jenssen C. [Focal liver lesion, incidental finding]. Dtsch
Med Wochenschr 2012;137:2099-2116.

Dietrich CF, Ignee A, Trojan J, Fellbaum C, Schuessler G. Improved
characterization of histologically proven liver tumours by contrast
enhanced ultrasonography during the portal venous and specific
late phase of SHU 508 A. Gut 2004;53:401-405.

Dietrich CF, Schuessler G, Trojan J, Fellbaum C, Ignee A. Differentia-
tion of focal nodular hyperplasia and hepatocellular adenoma by
contrast-enhanced ultrasound. Br J Radiol 2005;78:704-707.

Dietrich CF, Kratzer W, Strobe D, Danse E, Fessl R, Bunk A, Vossas
U, Hauenstein K, Koch W, Blank W, Oudkerk M, Hahn D, Greis
C. Assessment of metastatic liver disease in patients with primary
extrahepatic tumors by contrast-enhanced sonography versus CT
and MRI. World J Gastroenterol 2006;12:1699-1705.

Dietrich CF, Mertens JC, Braden B, Schuessler G, Ott M, Ignee A.
Contrast-enhanced ultrasound of histologically proven liver heman-
giomas. Hepatology 2007;45:1139-1145.

Devine AS, Jackson CS, Lyons L, Mason JD. Frequency of incidental
findings on computed tomography of trauma patients. West J
Emerg Med 2010;11:24-27.

Dietrich CF, Ignee A, Hocke M, Schreiber-Dietrich D, Greis C. Pitfalls
and artefacts using contrast enhanced ultrasound. Z Gastroenterol
2011;49:350-356.

Dietrich CF, Averkiou MA, Correas JM, Lassau N, Leen E, Piscaglia
F. An EFSUMB introduction into dynamic contrast-enhanced ultra-
sound (DCE-US) for quantification of tumour perfusion. Ultra-
schall Med 2012a;33:344-351.

Dietrich CF, Cui XW, Boozari B, Hocke M, Ignee A. Contrast-
enhanced ultrasound (CEUS) in the diagnostic algorithm of hepato-
cellular and cholangiocellular carcinoma, comments on the
AASLD guidelines. Ultraschall Med 2012b;33:S57-S66.

Dietrich CF, Serra C, Jedrejczyk M. Ultrasound of liver. In:
Dietrich CF, (ed). EFSUMB European course book. London: Lat-
imer Trend; 2012c. p. 27-55.

Dietrich CF, Sharma M, Gibson RN, Schreiber-Dietrich D, Jenssen C.
Fortuitously discovered liver lesions. World J Gastroenterol
2013;19:3173-3188.

Dietrich CF, Ignee A, Greis C, Cui XW, Schreiber-Dietrich DG, Hocke
M. Artifacts and pitfalls in contrast-enhanced ultrasound of the
liver. Ultraschall Med 2014;35:108-125 quiz 126—127.

Dietrich CF, Kabaalioglu A, Brunetti E, Richter J. Fasciolosis. Z Gas-
troenterol 2015;53:285-290.


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0026
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0026
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0026
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0026
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0026
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0027
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0027
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0027
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0027
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0027
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0028
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0028
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0028
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0028
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0029
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0029
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0029
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0029
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0030
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0030
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0030
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0030
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0031
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0031
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0031
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0031
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0031
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0032
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0032
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0032
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0033
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0034
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0035
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0035
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0035
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0036
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0036
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0036
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0036
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0037
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0037
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0037
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0037
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0038
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0038
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0039
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0039
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0039
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0040
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0040
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0040
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0041
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0041
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0042
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0042
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0042
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0042
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0043
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0043
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0043
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0044
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0044
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0044
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0044
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0045
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0045
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0045
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0046
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0046
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0046
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0046
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0046
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0047
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0047
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0047
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0047
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0047
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0048
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0048
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0048
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0048
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0048
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0048
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0049
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0049
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0049
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0049
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0050
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0050
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0051
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0051
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0051
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0051
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0052
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0052
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0052
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0053
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0053
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0053
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0053
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0053
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0054
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0054
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0054
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0055
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0055
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0055
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0056
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0056
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0056
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0057
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0057
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0057
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0057
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0058
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0058
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0058
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0058
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0059
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0059
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0059
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0060
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0060
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0060
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0061
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0061
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0061
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0061
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0062
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0062

2598 Ultrasound in Medicine & Biology

Dietrich CF, Kono Y, Cosgrove D, Jang HY, Kim TK, Piscaglia F, Sir-
lin CB, Willmann JK, Vezeridis A, Wilson SR, A. L. Contrast-
enhanced ultrasound: Liver Imaging Reporting and Data System
(CEUS LI-RADS). Solutions Contrast Imaging 2016;3(3).

Dietrich CF, Bamber J, Berzigotti A, Bota S, Cantisani V, Castera L,
Cosgrove D, Ferraioli G, Friedrich-Rust M, Gilja OH, Goertz RS,
Karlas T, de Knegt R, de Ledinghen V, Piscaglia F, Procopet B,
Saftoiu A, Sidhu PS, Sporea I, Thiele M. EFSUMB guidelines
and recommendations on the clinical use of liver ultrasound elas-
tography—Update 2017 (short version). Ultraschall Med
2017;38:377-394.

Dietrich CF, Atkinson NSS, Lee WJ, Kling K, Neumayr A, Braden B,
Richter J, Akpata R, Southisavath P, Schreiber-Dietrich D, Dong
Y. Never seen before? Opisthorchiasis and clonorchiasis. Z Gastro-
enterol 2018a;56:1513-1520.

Dietrich CF, Averkiou M, Nielsen MB, Barr RG, Burns PN, Calliada F,
Cantisani V, Choi B, Chammas MC, Clevert DA, Claudon M, Cor-
reas JM, Cui XW, Cosgrove D, D’Onofrio M, Dong Y, Eisenbrey
J, Fontanilla T, Gilja OH, Ignee A, Jenssen C, Kono Y, Kudo M,
Lassau N, Lyshchik A, Franca Meloni M, Moriyasu F, Nolsoe C,
Piscaglia F, Radzina M, Saftoiu A, Sidhu PS, Sporea I, Schreiber-
Dietrich D, Sirlin CB, Stanczak M, Weskott HP, Wilson SR, Will-
mann JK, Kim TK, Jang HJ, Vezeridis A, Westerway S. How to
perform contrast-enhanced ultrasound (CEUS). Ultrasound Int
Open 2018b;4:E2-E15.

Dietrich CF, Potthoff A, Helmberger T, Ignee A, Willmann JK, Group
CL-RW. [Contrast-enhanced ultrasound: Liver Imaging Reporting
and Data System (CEUS LI-RADS)]. Z Gastroenterol
2018¢;56:499-506.

Dietrich CF, Tana C, Caraiani C, Dong Y. Contrast enhanced ultra-
sound (CEUS) imaging of solid benign focal liver lesions. Expert
Rev Gastroenterol Hepatol 2018d;12:479-489.

Dietrich CF, Tannapfel A, Jang HJ, Kim TK, Burns PN, Dong Y. Ultra-
sound imaging of hepatocellular adenoma using the new histology
classification. Ultrasound Med Biol 2019;45:1-10.

Dong Y, Wang WP, Cantisani V, D’Onofrio M, Ignee A, Mulazzani L,
Saftoiu A, Sparchez Z, Sporea I, Dietrich CF. Contrast-enhanced
ultrasound of histologically proven hepatic epithelioid heman-
gioendothelioma. World J Gastroenterol 2016;22:4741-4749.

Dong Y, Zhang XL, Mao F, Huang BJ, Si Q, Wang WP. Contrast-
enhanced ultrasound features of histologically proven small (<20
mm) liver metastases. Scand J Gastroenterol 2017;52:23-28.

Dong Y, Teufel A, Trojan J, Berzigotti A, Cui XW, Dietrich CF. Con-
trast enhanced ultrasound in mixed hepatocellular cholangiocarci-
noma: Case series and review of the literature. Dig Liver Dis
2018;50:401-407.

Durkin N, Deganello A, Sellars ME, Sidhu PS, Davenport M, Makin E.
Post-traumatic liver and splenic pseudoaneurysms in children:
Diagnosis, management, and follow-up screening using contrast
enhanced ultrasound (CEUS). J Pediatr Surg 2016;51:289-292.

Eso Y, Takai A, Takeda H, Matsumoto T, Lee M, Inuzuka T, Takaha-
shi K, Ueda Y, Marusawa H, Seno H. Sonazoid-enhanced ultraso-
nography guidance improves the quality of pathological diagnosis
in the biopsy of focal hepatic lesions. Eur J Gastroenterol Hepatol
2016;28:1462-1467.

Faccioli N, D’Onofrio M, Comai A, Cugini C. Contrast-enhanced ultra-
sonography in the characterization of benign focal liver lesions:
activity-based cost analysis. Radiol Med 2007;112:810-820.

Fan ZH, Chen MH, Dai Y, Wang YB, Yan K, Wu W, Yang W, Yin SS.
Evaluation of primary malignancies of the liver using contrast-
enhanced sonography: correlation with pathology. AJR Am J
Roentgenol 2006;186:1512—1519.

Fang C, Bernardo S, Sellars ME, Deganello A, Sidhu PS. Contrast-
enhanced ultrasound in the diagnosis of pediatric focal nodular
hyperplasia and hepatic adenoma: Interobserver reliability. Pediatr
Radiol 2019;49:82-90.

Ferrara N, Kerbel RS. Angiogenesis as a therapeutic target. Nature
2005;438:967-974.

Fetzer DT, Rafailidis V, Peterson C, Grant EG, Sidhu P, Barr RG. Arti-
facts in contrast-enhanced ultrasound: a pictorial essay. Abdom
Radiol (NY) 2018;43:977-997.

Volume 46, Number 10, 2020

Fioole B, de Haas RJ, Wicherts DA, Elias SG, Scheffers JM, van Hille-
gersberg R, van Leeuwen MS, Borel Rinkes IH. Additional value
of contrast enhanced intraoperative ultrasound for colorectal liver
metastases. Eur J Radiol 2008;67:169-176.

Forner A, Vilana R, Ayuso C, Bianchi L, Sole M, Ayuso JR, Boix L,
Sala M, Varela M, Llovet JM, Bru C, Bruix J. Diagnosis of hepatic
nodules 20 mm or smaller in cirrhosis: Prospective validation of
the noninvasive diagnostic criteria for hepatocellular carcinoma.
Hepatology 2008;47:97—104.

Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet
2012;379:1245-1255.

Foschi FG, Dall’Aglio AC, Marano G, Lanzi A, Savini P, Piscaglia F,
Serra C, Cursaro C, Bernardi M, Andreone P, Stefanini GF. Role of
contrast-enhanced ultrasonography in primary hepatic lymphoma. J
Ultrasound Med 2010;29:1353-1356.

Frampas E, Lassau N, Zappa M, Vullierme MP, Koscielny S, Vilgrain
V. Advanced hepatocellular carcinoma: early evaluation of
response to targeted therapy and prognostic value of perfusion CT
and dynamic contrast-enhanced ultrasound: Preliminary results.
Eur J Radiol 2013;82:¢205—e211.

Francica G, Meloni MF, de Sio I, Terracciano F, Caturelli E, Riccardi
L, Roselli P, ladevaia MD, Scaglione M, Lenna G, Chiang J, Pom-
pili M. Biopsy of liver target lesions under contrast-enhanced ultra-
sound guidance: A multi-center study. Ultraschall Med
2018a;39:448-453.

Francica G, Meloni MF, Riccardi L, de Sio I, Terracciano F, Caturelli
E, Tadevaia MD, Amoruso A, Roselli P, Chiang J, Scaglione M,
Pompili M. Ablation treatment of primary and secondary liver
tumors under contrast-enhanced ultrasound guidance in field prac-
tice of interventional ultrasound centers: A multicenter study. Eur J
Radiol 2018b;105:96-101.

Friedrich-Rust M, Klopffleisch T, Nierhoff J, Herrmann E, Vermehren
J, Schneider MD, Zeuzem S, Bojunga J. Contrast-enhanced ultra-
sound for the differentiation of benign and malignant focal liver
lesions: A meta-analysis. Liver Int 2013;33:739-755.

Frieser M, Kiesel J, Lindner A, Bernatik T, Haensler JM, Janka R,
Hahn EG, Strobel D. Efficacy of contrast-enhanced US versus CT
or MRI for the therapeutic control of percutaneous radiofrequency
ablation in the case of hepatic malignancies. Ultraschall Med
2011;32:148-153.

Frydrychowicz A, Lubner MG, Brown JJ, Merkle EM, Nagle SK,
Rofsky NM, Reeder SB. Hepatobiliary MR imaging with gadolin-
ium-based contrast agents. ] Magn Reson Imaging 2012;35:492—
511.

Galassi M, Tavarone M, Rossi S, Bota S, Vavassori S, Rosa L, Leoni S,
Venerandi L, Marinelli S, Sangiovanni A, Veronese L, Fraquelli
M, Granito A, Golfieri R, Colombo M, Bolondi L, Piscaglia F. Pat-
terns of appearance and risk of misdiagnosis of intrahepatic cholan-
giocarcinoma in cirrhosis at contrast enhanced ultrasound. Liver Int
2013;33:771-779.

Gilja OH. EFSUMB Newsletter: Report of Education and Professional
Standard Committee. Ultraschall Med 2009;30:86-87.

Girlich C, Buttner R, Schacherer D, Klebl F. [Contrast-enhanced sono-
graphic drainage control: A feasibility study]. Z Gastroenterol
2011;49:1470-1474.

Goto E, Masuzaki R, Tateishi R, Kondo Y, Imamura J, Goto T, Tkeda
H, Akahane M, Shiina S, Omata M, Yoshida H, Koike K. Value of
post-vascular phase (Kupffer imaging) by contrast-enhanced ultra-
sonography using Sonazoid in the detection of hepatocellular carci-
noma. J Gastroenterol 2012;47:477-485.

Guang Y, Xie L, Ding H, Cai A, Huang Y. Diagnosis value of focal
liver lesions with SonoVue-enhanced ultrasound compared with
contrast-enhanced computed tomography and contrast-enhanced
MRI: a meta-analysis. J Cancer Res Clin Oncol 2011;137:1595—
1605.

Hatanaka K, Kudo M, Minami Y, Maekawa K. Sonazoid-enhanced
ultrasonography for diagnosis of hepatic malignanciesc: Compari-
son with contrast-enhanced CT. Oncology 2008a;75(Suppl 1):42—
47.

Hatanaka K, Kudo M, Minami Y, Ueda T, Tatsumi C, Kitai S, Takaha-
shi S, Inoue T, Hagiwara S, Chung H, Ueshima K, Maekawa K.


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0063
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0063
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0063
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0063
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0064
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0065
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0065
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0065
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0065
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0066
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0067
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0067
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0067
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0067
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0068
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0068
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0068
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0069
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0069
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0069
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0070
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0070
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0070
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0070
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0071
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0071
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0071
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0071
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0072
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0072
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0072
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0072
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0073
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0073
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0073
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0073
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0074
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0074
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0074
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0074
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0074
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0075
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0075
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0075
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0076
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0076
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0076
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0076
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0077
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0077
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0077
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0077
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0078
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0078
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0079
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0079
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0079
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0080
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0080
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0080
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0080
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0081
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0081
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0081
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0081
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0081
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0082
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0082
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0083
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0083
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0083
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0083
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0084
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0084
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0084
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0084
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0084
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0085
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0085
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0085
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0085
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0085
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0086
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0086
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0086
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0086
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0086
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0086
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0087
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0087
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0087
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0087
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0088
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0088
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0088
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0088
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0088
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0089
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0089
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0089
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0089
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0090
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0090
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0090
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0090
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0090
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0090
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0091
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0091
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0092
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0092
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0092
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0093
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0093
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0093
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0093
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0093
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0094
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0094
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0094
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0094
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0094
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0095
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0095
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0095
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0095
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0096
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0096

Guidelines for CEUS in the liver—Update 2020 ® C. F. DIETRICH et al. 2599

Differential diagnosis of hepatic tumors: value of contrast-
enhanced harmonic sonography using the newly developed contrast
agent, Sonazoid. Intervirology 2008b;51(Suppl 1):61-69.

Hayashi H, Nishigaki Y, Tomita E, Watanabe C, Watanabe S, Wata-
nabe N, Suzuki Y, Kato T, Naiki T. Usefulness of early vascular
phase images from contrast-enhanced ultrasonography using Sona-
zoid for the diagnosis of hypovascular hepatocellular carcinoma.
Hepatol Res 2016;46:497-504.

Heinzmann A, Muller T, Leitlein J, Braun B, Kubicka S, Blank W.
Endocavitary contrast enhanced ultrasound (CEUS)—Work in
progress. Ultraschall Med 2012;33:76-84.

Heller E, Gorg C. [Focal liver lesions in patients with malignant hae-
matological disease: value of B-mode ultrasound in comparison to
contrast-enhanced ultrasound—A retrospective study with N=61
patients]. Z Gastroenterol 2013;51:558-567.

Hirche TO, Russler J, Schroder O, Schuessler G, Kappeser P, Caspary
WF, Dietrich CF. The value of routinely performed ultrasonogra-
phy in patients with Crohn disease. Scand J Gastroenterol
2002;37:1178-1183.

Hirche TO, Ignee A, Hirche H, Schneider A, Dietrich CF. Evaluation
of hepatic steatosis by ultrasound in patients with chronic hepatitis
C virus infection. Liver Int 2007;27:748-757.

Hudson JM, Williams R, Tremblay-Darveau C, Sheeran PS, Milot L,
Bjarnason GA, Burns PN. Dynamic contrast enhanced ultrasound
for therapy monitoring. Eur J Radiol 2015;84:1650-1657.

Hudson JM, Bailey C, Atri M, Stanisz G, Milot L, Williams R, Kiss A,
Burns PN, Bjarnason GA. The prognostic and predictive value of
vascular response parameters measured by dynamic contrast-
enhanced-CT, -MRI and -US in patients with metastatic renal cell
carcinoma receiving sunitinib. Eur Radiol 2018;28:2281-2290.

Huf S, Platz Batista da Silva N, Wiesinger I, Hornung M, Scherer MN,
Lang S, Stroszczynski C, Fischer T, Jung EM. Analysis of liver
tumors using preoperative and intraoperative contrast-enhanced ultra-
sound (CEUS/IOCEUS) by radiologists in comparison to magnetic
resonance imaging and histopathology. RoFo 2017;189:431-440.

Hunt CH, Hartman RP, Hesley GK. Frequency and severity of adverse
effects of iodinated and gadolinium contrast materials: retrospec-
tive review of 456,930 doses. AJR Am J Roentgenol 2009;193:
1124-1127.

lavarone M, Sangiovanni A, Forzenigo LV, Massironi S, Fraquelli M,
Aghemo A, Ronchi G, Biondetti P, Roncalli M, Colombo M. Diag-
nosis of hepatocellular carcinoma in cirrhosis by dynamic contrast
imaging: the importance of tumor cell differentiation. Hepatology
2010;52:1723-1730.

Ignee A, Baum U, Schuessler G, Dietrich CF. Contrast-enhanced ultra-
sound-guided percutaneous cholangiography and cholangiodrain-
age (CEUS-PTCD). Endoscopy 2009a;41:725-1726.

Ignee A, Piscaglia F, Ott M, Salvatore V, Dietrich CF. A benign
tumour of the liver mimicking malignant liver disease—Cholangio-
cellular adenoma. Scand J Gastroenterol 2009b;44:633—-636.

Ignee A, Schuessler G, Cui XW, Dietrich CF. [Intracavitary contrast
medium ultrasound— Different applications, a review of the literature
and future prospects]. Ultraschall Med 2013;34:504-525 quiz
526—528.

Ignee A, Cui X, Schuessler G, Dietrich CF. Percutaneous transhepatic
cholangiography and drainage using extravascular contrast
enhanced ultrasound. Z Gastroenterol 2015;53:385-390.

Ignee A, Jenssen C, Cui XW, Schuessler G, Dietrich CF. Intracavitary
contrast-enhanced ultrasound in abscess drainage—Feasibility and
clinical value. Scand J Gastroenterol 2016;51:41-47.

Inoue T, Hyodo T, Korenaga K, Murakami T, Imai Y, Higaki A, Suda
T, Takano T, Miyoshi K, Koda M, Tanaka H, Iijima H, Ochi H,
Hirooka M, Numata K, Kudo M. Kupffer phase image of Sona-
zoid-enhanced US is useful in predicting a hypervascularization of
non-hypervascular hypointense hepatic lesions detected on Gd-
EOB-DTPA-enhanced MRI: a multicenter retrospective study. J
Gastroenterol 2016;51:144-152.

Itabashi T, Sasaki A, Otsuka K, Kimura T, Nitta H, Wakabayashi G.
Potential value of sonazoid-enhanced intraoperative laparoscopic
ultrasonography for liver assessment during laparoscopy-assisted
colectomy. Surg Today 2014;44:696-701.

Jacob J, Deganello A, Sellars ME, Hadzic N, Sidhu PS. Contrast
enhanced ultrasound (CEUS) characterization of grey-scale sono-
graphic indeterminate focal liver lesions in pediatric practice.
Ultraschall Med 2013;34:529-540.

Jang HJ, Kim TK, Burns PN, Wilson SR. Enhancement patterns of
hepatocellular carcinoma at contrast-enhanced US: comparison
with histologic differentiation. Radiology 2007;244:898-906.

Janica J, Ustymowicz A, Lukasiewicz A, Panasiuk A, Niemcunowicz-
Janica A, Turecka-Kulesza E, Lebkowska U. Comparison of con-
trast-enhanced ultrasonography with grey-scale ultrasonography
and contrast-enhanced computed tomography in diagnosing focal
fatty liver infiltrations and focal fatty sparing. Adv Med Sci
2013;58:408-418.

Jenssen C, Gilja OH, Serra AL, Piscaglia F, Dietrich CF, Rudd L,
Sidhu PS. European Federation of Societies for Ultrasound in Med-
icine and Biology (EFSUMB) policy document development strat-
egy: Clinical practice guidelines, position statements and
technological reviews. Ultrasound Int Open 2019;5:E2—-E10.

Jo PC, Jang HJ, Burns PN, Burak KW, Kim TK, Wilson SR. Integra-
tion of contrast-enhanced US into a multimodality approach to
imaging of nodules in a cirrhotic liver: How I do it. Radiology
2017;282:317-331.

Jones EC, Chezmar JL, Nelson RC, Bernardino ME. The frequency
and significance of small (less than or equal to 15 mm) hepatic
lesions detected by CT. AJR Am J Roentgenol 1992;158:535—
539.

Jones RP, Vauthey JN, Adam R, Rees M, Berry D, Jackson R, Grimes
N, Fenwick SW, Poston GJ, Malik HZ. Effect of specialist deci-
sion-making on treatment strategies for colorectal liver metastases.
BrJ Surg 2012;99:1263-1269.

Kaltenbach TE, Engler P, Kratzer W, Oeztuerk S, Seufferlein T,
Haenle MM, Graeter T. Prevalence of benign focal liver lesions:
ultrasound investigation of 45,319 hospital patients. Abdom Radiol
(NY) 2016;41:25-32.

Kang TW, Lee MW, Song KD, Kim M, Kim SS, Kim SH, Ha SY.
Added value of contrast-enhanced ultrasound on biopsies of focal
hepatic lesions invisible on fusion imaging guidance. Korean J
Radiol 2017;18:152-161.

Kang HJ, Kim JH, Lee SM, Yang HK, Ahn SJ, Han JK. Additional
value of contrast-enhanced ultrasonography for fusion-guided, per-
cutaneous biopsies of focal liver lesions: prospective feasibility
study. Abdom Radiol (NY) 2018;43:3279-3287.

Karhunen PJ. Benign hepatic tumours and tumour like conditions in
men. J Clin Pathol 1986;39:183-188.

Kessler T, Bayer M, Schwoppe C, Liersch R, Mesters RM, Berdel WE.
Compounds in clinical phase III and beyond. Recent Results Can-
cer Res 2010;180:137-163.

Kim TK, Noh SY, Wilson SR, Kono Y, Piscaglia F, Jang HJ,
Lyshchik A, Dietrich CF, Willmann JK, Vezeridis A, Sirlin
CB. Contrast-enhanced ultrasound (CEUS) Liver Imaging
Reporting and Data System (LI-RADS) 2017-A review of
important differences compared to the CT/MRI system. Clin
Mol Hepatol 2017;23:280-289.

Kisaka Y, Hirooka M, Kumagi T, Uehara T, Hiasa Y, Kumano S,
Tanaka H, Michitaka K, Horiike N, Mochizuki T, Onji M. Useful-
ness of contrast-enhanced ultrasonography with abdominal virtual
ultrasonography in assessing therapeutic response in hepatocellular
carcinoma treated with radiofrequency ablation. Liver Int
2006;26:1241-1247.

Kitzman DW, Goldman ME, Gillam LD, Cohen JL, Aurigemma GP, Gott-
diener JS. Efficacy and safety of the novel ultrasound contrast agent per-
flutren (definity) in patients with suboptimal baseline left ventricular
echocardiographic images. Am J Cardiol 2000;86:669-674.

Klinger C, Stuckmann G, Dietrich CF, Berzigotti A, Horger MS,
Debove 1, Gilot BJ, Pauluschke-Frohlich J, Hoffmann T, Sipos B,
Frohlich E. Contrast-enhanced imaging in hepatic epithelioid
hemangioendothelioma: retrospective study of 10 patients. Z Gas-
troenterol 2019;57:753-766.

Kono Y, Lyshchik A, Cosgrove D, Dietrich CF, Jang HJ, Kim TK, Pis-
caglia F, Willmann JK, Wilson SR, Santillan C, Kambadakone A,
Mitchell D, Vezeridis A, Sirlin CB. Contrast enhanced ultrasound


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0096
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0096
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0096
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0097
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0097
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0097
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0097
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0097
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0098
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0098
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0098
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0099
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0099
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0099
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0099
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0100
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0100
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0100
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0100
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0101
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0101
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0101
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0102
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0102
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0102
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0103
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0103
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0103
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0103
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0103
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0104
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0104
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0104
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0104
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0104
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0105
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0105
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0105
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0105
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0106
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0106
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0106
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0106
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0106
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0107
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0107
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0107
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0108
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0108
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0108
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0109
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0109
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0109
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0109
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0109
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0110
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0110
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0110
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0111
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0111
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0111
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0111
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0112
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0113
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0113
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0113
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0113
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0114
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0114
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0114
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0114
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0115
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0115
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0115
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0116
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0116
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0116
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0116
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0116
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0116
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0117
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0117
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0117
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0117
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0117
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0118
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0118
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0118
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0118
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0119
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0119
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0119
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0119
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0120
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0120
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0120
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0120
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0121
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0121
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0121
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0121
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0122
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0122
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0122
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0122
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0123
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0123
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0123
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0123
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0124
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0124
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0125
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0125
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0125
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0126
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0126
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0126
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0126
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0126
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0126
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0127
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0127
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0127
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0127
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0127
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0127
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0128
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0128
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0128
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0128
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0129
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0129
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0129
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0129
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0129
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0130
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0130
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0130

2600 Ultrasound in Medicine & Biology

(CEUS) Liver Imaging Reporting and Data System (LI-RADS): the
official version by the American College of Radiology (ACR).
Ultraschall Med 2017;38:85-86.

Kono Y, Sirlin CB, Fetzer DT, Kim TK, Rodgers SK, Piscaglia F,
Lyshchik A, Dietrich CF, Wilson SR. Time to clarify common mis-
conceptions about the liver imaging reporting and data system for
contrast-enhanced US. Radiology 2020;295(1):245-247.

Konopke R, Kersting S, Saeger HD, Bunk A. [Detection of liver
lesions by contrast-enhanced ultrasound—Comparison to intraoper-
ative findings]. Ultraschall Med 2005;26:107-113.

Konopke R, Kersting S, Bergert H, Bloomenthal A, Gastmeier J,
Saeger HD, Bunk A. Contrast-enhanced ultrasonography to detect
liver metastases: A prospective trial to compare transcutaneous
unenhanced and contrast-enhanced ultrasonography in patients
undergoing laparotomy. Int J Colorectal Dis 2007;22:201-207.

Laghi F, Catalano O, Maresca M, Sandomenico F, Siani A. Indetermi-
nate, subcentimetric focal liver lesions in cancer patients: additional
role of contrast-enhanced ultrasound. Ultraschall Med 2010;31:283.

Lamuraglia M, Escudier B, Chami L, Schwartz B, Leclere J, Roche A,
Lassau N. To predict progression-free survival and overall survival
in metastatic renal cancer treated with sorafenib: pilot study using
dynamic contrast-enhanced Doppler ultrasound. Eur J Cancer
2006;42:2472-2479.

Larsen LP. Role of contrast enhanced ultrasonography in the assess-
ment of hepatic metastases: A review. World J Hepatol 2010;2:
8-15.

Larsen LP, Rosenkilde M, Christensen H, Bang N, Bolvig L, Christian-
sen T, Laurberg S. The value of contrast enhanced ultrasonography
in detection of liver metastases from colorectal cancer: a prospec-
tive double-blinded study. Eur J Radiol 2007;62:302-307.

Larsen LP, Rosenkilde M, Christensen H, Bang N, Bolvig L, Christian-
sen T, Laurberg S. Can contrast-enhanced ultrasonography replace
multidetector-computed tomography in the detection of liver
metastases from colorectal cancer?. Eur J Radiol 2009;69:308-313.

Lassau N, Lamuraglia M, Chami L, Leclere J, Bonvalot S, Terrier P,
Roche A, Le Cesne A. Gastrointestinal stromal tumors treated with
imatinib: monitoring response with contrast-enhanced sonography.
AJR Am J Roentgenol 2006;187:1267—1273.

Lassau N, Koscielny S, Chami L, Chebil M, Benatsou B, Roche A,
Ducreux M, Malka D, Boige V. Advanced hepatocellular carci-
noma: Early evaluation of response to bevacizumab therapy at
dynamic contrast-enhanced US with quantification—Preliminary
rResults. Radiology 2010;258:291-300.

Lassau N, Chami L, Chebil M, Benatsou B, Bidault S, Girard E, Abboud
G, Roche A. Dynamic contrast-enhanced ultrasonography (DCE-
US) and anti-angiogenic treatments. Discov Med 2011;11:18-24.

Lassau N, Chami L, Koscielny S, Chebil M, Massard C, Benatsou B,
Bidault S, Cioffi A, Blay JY, Le Cesne A. Quantitative functional
imaging by dynamic contrast enhanced ultrasonography (DCE-US)
in GIST patients treated with masatinib. Invest New Drugs
2012;30:765-771.

Lassau N, Bonastre J, Kind M, Vilgrain V, Lacroix J, Cuinet M, Taieb
S, Aziza R, Sarran A, Labbe-Devilliers C, Gallix B, Lucidarme O,
Ptak Y, Rocher L, Caquot LM, Chagnon S, Marion D, Luciani A,
Feutray S, Uzan-Augui J, Coiffier B, Benastou B, Koscielny S. Val-
idation of Dynamic Contrast-Enhanced Ultrasound in Predicting
Outcomes of Antiangiogenic Therapy for Solid Tumors: The
French Multicenter Support for Innovative and Expensive Techni-
ques Study. Invest Radiol 2014;49(12):794-800. doi: 10.1097/
RLI.0000000000000085 PMID: 24991866.

Lassau N, Coiffier B, Faivre L, Benatsou B, Bidault S, Girard E, Asse-
lain B, Pitre-Champagnat S, Koscielny S. Study of intrapatient var-
iability and reproducibility of quantitative tumor perfusion
parameters evaluated with dynamic contrast-enhanced ultrasonog-
raphy. Invest Radiol 2017;52:148-154.

Lazar V, Lassau N, Meurice G, Loriot Y, Pena C, Massard C, Robert C,
Robert T, Le Berre MA, de Baere T, Dessen P, Soria JC, Armand
JP. Sorafenib plus dacarbazine in solid tumors: a phase I study with
dynamic contrast-enhanced ultrasonography and genomic analysis
of sequential tumor biopsy samples. Invest New Drugs 2014;32:
312-322.

Volume 46, Number 10, 2020

Lee J, Jeong WK, Lim HK, Kim AY. Focal Nodular hyperplasia of the
liver: Contrast-enhanced ultrasonographic features with Sonazoid.
J Ultrasound Med 2018;37:1473-1480.

Leen E, Ceccotti P, Moug SJ, Glen P, MacQuarrie J, Angerson WJ,
Albrecht T, Hohmann J, Oldenburg A, Ritz JP, Horgan PG. Poten-
tial value of contrast-enhanced intraoperative ultrasonography dur-
ing partial hepatectomy for metastases: an essential investigation
before resection?. Ann Surg 2006;243:236-240.

Lencioni R, European Federation of Societies for Ultrasound in Medi-
cine and Biology. Impact of European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB) guidelines on the
use of contrast agents in liver ultrasound. Eur Radiol 2006;16:
1610-1613.

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for
hepatocellular carcinoma. Semin Liver Dis 2010;30:52—-60.

Lencioni R, Crocetti L. Local-regional treatment of hepatocellular car-
cinoma. Radiology 2012;262:43-58.

Leoni S, Piscaglia F, Golfieri R, Camaggi V, Vidili G, Pini P, Bolondi L.
The impact of vascular and nonvascular findings on the noninvasive
diagnosis of small hepatocellular carcinoma based on the EASL and
AASLD criteria. Am J Gastroenterol 2010;105:599-609.

Li K, Su ZZ, Xu EJ, Ju JX, Meng XC, Zheng RQ. Improvement of
ablative margins by the intraoperative use of CEUS—CT/MR
image fusion in hepatocellular carcinoma. BMC Cancer
2016;16:277.

Lin MX, Xu HX, Lu MD, Xie XY, Chen LD, Xu ZF, Liu GJ, Xie XH,
Liang JY, Wang Z. Diagnostic performance of contrast-enhanced
ultrasound for complex cystic focal liver lesions: Blinded liver
study. Eur Radiol 2009;19:358-369.

Linhart P, Bonhof JA, Baque PE, Pering C. [Ultrasound in diagnosis of
benign and malignant liver tumors]. Zentralbl Chir 1998;123:119-123.

Little JM, Richardson A, Tait N. Hepatic dystychoma: a five year expe-
rience. HPB Surg 1991;4:291-297.

Liu GJ, Lu MD, Xie XY, Xu HX, Xu ZF, Zheng YL, Liang JY, Wang
W. Real-time contrast-enhanced ultrasound imaging of infected
focal liver lesions. J Ultrasound Med 2008;27:657—666.

Liu F, Yu X, Liang P, Cheng Z, Han Z, Dong B. Contrast-enhanced
ultrasound-guided microwave ablation for hepatocellular carci-
noma inconspicuous on conventional ultrasound. Int J Hyperther-
mia 2011;27:555-562.

Liu F, Yu X, Liang P, Cheng Z, Han Z, Yu J. Ultrasonography-guided
percutaneous microwave ablation for large hepatic cavernous hae-
mangiomas. Int J Hyperthermia 2018;34:1061-1066.

Lo GM, Al Zahrani H, Jang HJ, Menezes R, Hudson J, Burns P, McNa-
mara MG, Kandel S, Khalili K, Knox J, Rogalla P, Kim TK. Detec-
tion of early tumor response to axitinib in advanced hepatocellular
carcinoma by dynamic contrast enhanced ultrasound. Ultrasound
Med Biol 2016;42:1303-1311.

Lorentzen T, Nolsoe CP, Ewertsen C, Nielsen MB, Leen E, Havre
RF, Gritzmann N, Brkljacic B, Nurnberg D, Kabaalioglu A, Stro-
bel D, Jenssen C, Piscaglia F, Gilja OH, Sidhu PS, Dietrich CF.
EFSUMB guidelines on interventional ultrasound (INVUS): Part
I. General aspects (long version). Ultraschall Med 2015a;36:E1—
El4.

Lorentzen T, Nolsoe CP, Ewertsen C, Nielsen MB, Leen E, Havre RF,
Gritzmann N, Brkljacic B, Nurnberg D, Kabaalioglu A, Strobel D,
Jenssen C, Piscaglia F, Gilja OH, Sidhu PS, Dietrich CF. EFSUMB
guidelines on interventional ultrasound (INVUS): Part I. General
aspects (short version). Ultraschall Med 2015b;36:464-472.

Lu SN, Wang LY, Chang WY, Chen CJ, Su WP, Chen SC, Chuang
WL, Hsieh MY. Abdominal sonographic screening in a single com-
munity. Gaoxiong Yi Xue Ke Xue Za Zhi 1990;6:643—-646.

Luyao Z, Xiaoyan X, Huixiong X, Zuo-Feng X, Guang-Jian L, Ming-
de L. Percutaneous ultrasound-guided cholangiography using
microbubbles to evaluate the dilated biliary tract: initial experience.
Eur Radiol 2012;22:371-378.

Lyshchik A, Kono Y, Dietrich CF, Jang HJ, Kim TK, Piscaglia F,
Vezeridis A, Willmann JK, Wilson SR. Contrast-enhanced ultra-
sound of the liver: technical and lexicon recommendations from
the ACR CEUS LI-RADS working group. Abdom Radiol (NY)
2018;43:861-879.


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0130
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0130
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0130
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0131
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0131
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0131
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0131
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0132
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0132
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0132
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0132
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0133
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0133
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0133
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0133
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0133
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0134
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0134
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0134
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0135
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0135
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0135
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0135
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0135
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0136
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0136
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0136
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0137
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0137
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0137
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0137
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0138
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0138
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0138
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0138
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0139
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0139
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0139
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0139
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0140
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0140
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0140
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0140
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0140
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0141
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0141
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0141
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0142
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0142
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0142
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0142
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0142
http://dx.doi.org/10.1097/RLI.0000000000000085
http://dx.doi.org/10.1097/RLI.0000000000000085
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0143
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0143
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0143
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0143
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0143
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0144
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0144
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0144
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0144
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0144
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0144
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0145
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0145
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0145
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0146
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0146
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0146
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0146
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0146
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0147
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0147
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0147
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0147
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0147
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0148
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0148
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0149
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0149
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0150
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0150
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0150
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0150
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0151
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0151
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0151
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0151
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0151
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0152
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0152
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0152
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0152
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0153
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0153
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0154
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0154
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0155
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0155
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0155
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0156
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0156
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0156
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0156
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0157
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0157
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0157
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0158
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0158
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0158
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0158
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0158
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0159
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0159
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0159
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0159
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0159
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0159
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0160
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0160
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0160
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0160
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0160
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0161
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0161
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0161
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0162
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0162
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0162
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0162
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0163
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0163
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0163
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0163
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0163

Guidelines for CEUS in the liver—Update 2020 ® C. F. DIETRICH et al. 2601

Main ML, Goldman JH, Grayburn PA. Thinking outside the “box”-The
ultrasound contrast controversy. ] Am Coll Cardiol 2007;50:2434—
2437.

Main ML, Goldman JH, Grayburn PA. Ultrasound contrast agents: bal-
ancing safety versus efficacy. Expert Opin Drug Saf 2009;8:49-56.

Makino Y, Imai Y, Igura T, Kogita S, Sawai Y, Fukuda K, Iwamoto T,
Okabe J, Takamura M, Fujita N, Hori M, Takehara T, Kudo M,
Murakami T. Feasibility of extracted-overlay fusion imaging for
intraoperative treatment evaluation of radiofrequency ablation for
hepatocellular carcinoma. Liver Cancer 2016;5:269-279.

Mandry D, Bressenot A, Galloy MA, Chastagner P, Branchereau S,
Claudon M. Contrast-enhanced ultrasound in fibro-lamellar hepato-
cellular carcinoma: a case report. Ultraschall Med 2007;28:
547-552.

Mao R, Xu EJ, Li K, Zheng RQ. Usefulness of contrast-enhanced ultra-
sound in the diagnosis of biliary leakage following T-tube removal.
J Clin Ultrasound 2010;38:38-40.

Martie A, Bota S, Sporea I, Sirli R, Popescu A, Danila M. The contri-
bution of contrast enhanced ultrasound for the characterization of
benign liver lesions in clinical practice: A monocentric experience.
Med Ultrason 2012;14:283-287.

Maruyama H, Takahashi M, Ishibashi H, Okugawa H, Okabe S, Yoshi-
kawa M, Yokosuka O. Ultrasound-guided treatments under low
acoustic power contrast harmonic imaging for hepatocellular carci-
nomas undetected by B-mode ultrasonography. Liver Int
2009;29:708-714.

Mauri G, Porazzi E, Cova L, Restelli U, Tondolo T, Bonfanti M, Cerri
A, Terace T, Croce D, Solbiati L. Intraprocedural contrast-enhanced
ultrasound (CEUS) in liver percutaneous radiofrequency ablation:
clinical impact and health technology assessment. Insights Imaging
2014;5:209-216.

Meloni MF, Andreano A, Franza E, Passamonti M, Lazzaroni S. Con-
trast enhanced ultrasound: Should it play a role in immediate evalu-
ation of liver tumors following thermal ablation?. Eur J Radiol
2012;81:¢897-€902.

Menichini G, Sessa B, Trinci M, Galluzzo M, Miele V. Accuracy of
contrast-enhanced ultrasound (CEUS) in the identification and
characterization of traumatic solid organ lesions in children: a ret-
rospective comparison with baseline US and CE-MDCT. Radiol
Med 2015;120:989-1001.

Minami Y, Kudo M, Chung H, Kawasaki T, Yagyu Y, Shimono T,
Shiozaki H. Contrast harmonic sonography-guided radiofrequency
ablation therapy versus B-mode sonography in hepatocellular carci-
noma: prospective randomized controlled trial. AJR Am J Roent-
genol 2007;188:489-494.

Moriyasu F, Itoh K. Efficacy of perflubutane microbubble-enhanced
ultrasound in the characterization and detection of focal liver
lesions: phase 3 multicenter clinical trial. AJR Am J Roentgenol
2009;193:86-95.

Mork H, Ignee A, Schuessler G, Ott M, Dietrich CF. Analysis of neuro-
endocrine tumour metastases in the liver using contrast enhanced
ultrasonography. Scand J Gastroenterol 2007;42:652—662.

Muhi A, Ichikawa T, Motosugi U, Sou H, Nakajima H, Sano K, Sano
M, Kato S, Kitamura T, Fatima Z, Fukushima K, Iino H, Mori Y,
Fujii H, Araki T. Diagnosis of colorectal hepatic metastases: com-
parison of contrast-enhanced CT, contrast-enhanced US, superpara-
magnetic iron oxide-enhanced MRI, and gadoxetic acid-enhanced
MRI. J Magn Reson Imaging 2011;34:326-335.

Muller T, Blank W, Leitlein J, Kubicka S, Heinzmann A. Endocavitary
contrast-enhanced ultrasound: a technique whose time has come?. J
Clin Ultrasound 2015;43:71-80.

Nakano H, Ishida Y, Hatakeyama T, Sakuraba K, Hayashi M, Sakurai
O, Hataya K. Contrast-enhanced intraoperative ultrasonography
equipped with late Kupffer-phase image obtained by sonazoid in
patients with colorectal liver metastases. World J Gastroenterol
2008;14:3207-3211.

Nolsoe CP, Nolsoe AB, Klubien J, Pommergaard HC, Rosenberg J,
Meloni MF, Lorentzen T. Use of ultrasound contrast agents in rela-
tion to percutaneous interventional procedures: A systematic
review and pictorial essay. J Ultrasound Med 2018;37:1305-1324.

Numata K, Fukuda H, Morimoto M, Kondo M, Nozaki A, Oshima T,
Okada M, Takebayashi S, Maeda S, Tanaka K. Use of fusion imag-
ing combining contrast-enhanced ultrasonography with a perflubu-
tane-based contrast agent and contrast-enhanced computed
tomography for the evaluation of percutaneous radiofrequency
ablation of hypervascular hepatocellular carcinoma. Eur J Radiol
2012;81:2746-2753.

O’Connor JP, Aboagye EO, Adams JE, Aerts HJ, Barrington SF, Beer
AlJ, Boellaard R, Bohndiek SE, Brady M, Brown G, Buckley DL,
Chenevert TL, Clarke LP, Collette S, Cook GJ, deSouza NM, Dick-
son JC, Dive C, Evelhoch JL, Faivre-Finn C, Gallagher FA, Gilbert
FJ, Gillies RJ, Goh V, Griffiths JR, Groves AM, Halligan S, Harris
AL, Hawkes DJ, Hoekstra OS, Huang EP, Hutton BF, Jackson EF,
Jayson GC, Jones A, Koh DM, Lacombe D, Lambin P, Lassau N,
Leach MO, Lee TY, Leen EL, Lewis JS, Liu Y, Lythgoe MF, Man-
oharan P, Maxwell RJ, Miles KA, Morgan B, Morris S, Ng T, Pad-
hani AR, Parker GJ, Partridge M, Pathak AP, Peet AC, Punwani S,
Reynolds AR, Robinson SP, Shankar LK, Sharma RA, Soloviev D,
Stroobants S, Sullivan DC, Taylor SA, Tofts PS, Tozer GM, van
Herk M, Walker-Samuel S, Wason J, Williams KJ, Workman P,
Yankeelov TE, Brindle KM, McShane LM, Jackson A, Waterton
JC. Imaging biomarker roadmap for cancer studies. Nat Rev Clin
Oncol 2017;14:169-186.

Papadopoulou F, Ntoulia A, Siomou E, Darge K. Contrast-enhanced
voiding urosonography with intravesical administration of a sec-
ond-generation ultrasound contrast agent for diagnosis of vesi-
coureteral reflux: prospective evaluation of contrast safety in 1,010
children. Pediatr Radiol 2014;44:719-728.

Park HS, Kim YJ, Yu MH, Jung SI, Jeon HJ. Real-time contrast-
enhanced sonographically guided biopsy or radiofrequency abla-
tion of focal liver lesions using perflurobutane microbubbles (sona-
zoid): value of Kupffer-phase imaging. J Ultrasound Med
2015;34:411-421.

Parsai A, Miquel ME, Jan H, Kastler A, Szyszko T, Zerizer 1. Improv-
ing liver lesion characterisation using retrospective fusion of FDG
PET/CT and MRI. Clin Imaging 2019;55:23-28.

Pei XQ, Liu LZ, Xiong YH, Zou RH, Chen MS, Li AH, Cai MY.
Quantitative analysis of contrast-enhanced ultrasonography: Differ-
entiating focal nodular hyperplasia from hepatocellular carcinoma.
Br J Radiol 2013;86 20120536.

Peronneau P, Lassau N, Leguerney I, Roche A, Cosgrove D. Contrast
ultrasonography: necessity of linear data processing for the quanti-
fication of tumor vascularization. Ultraschall Med 2010;31:
370-378.

Piscaglia F, Bolondi L. The safety of Sonovue in abdominal applica-
tions: retrospective analysis of 23188 investigations. Ultrasound
Med Biol 2006;32:1369-1375.

Piscaglia F, Corradi F, Mancini M, Giangregorio F, Tamberi S, Ugolini
G, Cola B, Bazzocchi A, Righini R, Pini P, Fornari F, Bolondi L.
Real time contrast enhanced ultrasonography in detection of liver
metastases from gastrointestinal cancer. BMC Cancer 2007;7:171.

Piscaglia F, Gianstefani A, Ravaioli M, Golfieri R, Cappelli A, Giam-
palma E, Sagrini E, Imbriaco G, Pinna AD, Bolondi L. Criteria for
diagnosing benign portal vein thrombosis in the assessment of
patients with cirrhosis and hepatocellular carcinoma for liver trans-
plantation. Liver Transpl 2010a;16:658—667.

Piscaglia F, Lencioni R, Sagrini E, Pina CD, Cioni D, Vidili G, Bolondi
L. Characterization of focal liver lesions with contrast-enhanced
ultrasound. Ultrasound Med Biol 2010b;36:531-550.

Piscaglia F, Venturi A, Mancini M, Giangregorio F, Vidili G, Magnolfi
F, Mirarchi M, Fornari F, Bolondi L. Diagnostic features of real-
time contrast-enhanced ultrasound in focal nodular hyperplasia of
the liver. Ultraschall Med 2010¢;31:276-282.

Piscaglia F, Nolsoe C, Dietrich CF, Cosgrove DO, Gilja OH, Bach-
mann Nielsen M, Albrecht T, Barozzi L, Bertolotto M, Catalano O,
Claudon M, Clevert DA, Correas JM, D’Onofrio M, Drudi FM,
Eyding J, Giovannini M, Hocke M, Ignee A, Jung EM, Klauser AS,
Lassau N, Leen E, Mathis G, Saftoiu A, Seidel G, Sidhu PS, ter
Haar G, Timmerman D, Weskott HP. The EFSUMB guidelines and
recommendations on the clinical practice of contrast enhanced


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0164
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0164
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0164
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0164
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0164
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0165
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0165
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0166
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0166
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0166
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0166
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0166
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0167
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0167
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0167
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0167
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0168
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0168
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0168
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0169
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0169
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0169
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0169
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0170
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0170
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0170
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0170
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0170
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0171
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0171
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0171
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0171
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0171
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0172
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0172
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0172
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0172
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0173
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0173
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0173
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0173
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0173
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0174
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0174
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0174
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0174
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0174
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0175
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0175
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0175
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0175
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0176
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0176
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0176
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0177
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0177
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0177
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0177
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0177
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0177
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0178
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0178
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0178
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0179
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0179
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0179
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0179
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0179
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0180
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0180
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0180
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0180
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0181
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0182
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0183
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0183
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0183
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0183
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0183
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0184
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0184
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0184
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0184
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0184
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0185
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0185
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0185
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0186
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0186
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0186
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0186
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0187
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0187
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0187
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0187
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0188
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0188
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0188
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0189
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0189
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0189
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0189
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0190
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0190
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0190
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0190
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0190
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0191
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0191
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0191
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0192
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0192
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0192
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0192
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193

2602 Ultrasound in Medicine & Biology

ultrasound (CEUS): update 2011 on non-hepatic applications.
Ultraschall Med 2012;33:33-59.

Piscaglia F, Wilson SR, Lyshchik A, Cosgrove D, Dietrich CF, Jang
HJ, Kim TK, Salvatore V, Willmann JK, Sirlin CB, Kono Y. Amer-
ican College of Radiology Contrast Enhanced Ultrasound Liver
Imaging Reporting and Data System (CEUS LI-RADS) for the
diagnosis of hepatocellular carcinoma: a pictorial essay. Ultraschall
Med 2017;38:320-324.

Piskunowicz M, Kosiak W, Batko T, Piankowski A, Polczynska K,
Adamkiewicz-Drozynska E. Safety of intravenous application of
second-generation ultrasound contrast agent in children: Prospec-
tive analysis. Ultrasound Med Biol 2015;41:1095-1099.

Qu P, Yu X, Liang P, Cheng Z, Han Z, Liu F, Yu J. Contrast-enhanced
ultrasound in the characterization of hepatocellular carcinomas
treated by ablation: comparison with contrast-enhanced magnetic
resonance imaging. Ultrasound Med Biol 2013;39:1571-1579.

Quaia E, Calliada F, Bertolotto M, Rossi S, Garioni L, Rosa L, Pozzi-
Mucelli R. Comparison of diagnostic performance of unenhanced
vs SonoVue-enhanced ultrasonography in focal liver lesions char-
acterization: The experience of three Italian centers. Radiol Med
(Torino) 2004;108:71-81.

Quaia E, D’Onofrio M, Palumbo A, Rossi S, Bruni S, Cova M. Com-
parison of contrast-enhanced ultrasonography versus baseline ultra-
sound and contrast-enhanced computed tomography in metastatic
disease of the liver: diagnostic performance and confidence. Eur
Radiol 2006;16:1599-1609.

Raza SA, Jang HJ, Kim TK. Differentiating malignant from benign
thrombosis in hepatocellular carcinoma: Contrast-enhanced ultra-
sound. Abdom Imaging 2014;39:153—161.

Rennert J, Dornia C, Georgieva M, Roehrl S, Fellner C, Schleder S,
Stroszezynski C, Jung EM. Identification of early complications
following liver transplantation using contrast enhanced ultrasound
(CEUS): First results. J Gastrointestin Liver Dis 2012;21:407-412.

Rodgers SK, Fetzer DT, Gabriel H, Seow JH, Choi HH, Maturen KE,
Wasnik AP, Morgan TA, Dahiya N, O’Boyle MK, Kono Y, Sirlin
CB, Kamaya A. Role of US LI-RADS in the LI-RADS algorithm.
Radiographics 2019;39:690-708.

Rossi S, Rosa L, Ravetta V, Cascina A, Quaretti P, Azzaretti A, Scag-
nelli P, Tinelli C, Dionigi P, Calliada F. Contrast-enhanced versus
conventional and color Doppler sonography for the detection of
thrombosis of the portal and hepatic venous systems. AJR Am J
Roentgenol 2006;186:763-773.

Rossi S, Ghittoni G, Ravetta V, Torello Viera F, Rosa L, Serassi M,
Scabini M, Vercelli A, Tinelli C, Dal Bello B, Burns PN, Calliada
F. Contrast-enhanced ultrasonography and spiral computed tomog-
raphy in the detection and characterization of portal vein thrombo-
sis complicating hepatocellular carcinoma. Eur Radiol 2008;18:
1749-1756.

Sandrose SW, Karstrup S, Gerke O, Rafaelsen S. Contrast enhanced
ultrasound in CT-undetermined focal liver lesions. Ultrasound Int
Open 2016;2:E129-E135.

Sangiovanni A, Manini MA, lavarone M, Romeo R, Forzenigo LV,
Fraquelli M, Massironi S, Della Corte C, Ronchi G, Rumi MG,
Biondetti P, Colombo M. The diagnostic and economic impact of
contrast imaging techniques in the diagnosis of small hepatocellu-
lar carcinoma in cirrhosis. Gut 2010;59:638-644.

Schellhaas B, Gortz RS, Pfeifer L, Kielisch C, Neurath MF, Strobel D.
Diagnostic accuracy of contrast-enhanced ultrasound for the differen-
tial diagnosis of hepatocellular carcinoma: ESCULAP versus CEUS-
LI-RADS. Eur J Gastroenterol Hepatol 2017;29:1036—1044.

Schellhaas B, Hammon M, Strobel D, Pfeifer L, Kielisch C, Goertz RS,
Cavallaro A, Janka R, Neurath MF, Uder M, Seuss H. Interobserver
and intermodality agreement of standardized algorithms for non-
invasive diagnosis of hepatocellular carcinoma in high-risk
patients: CEUS-LI-RADS versus MRI-LI-RADS. Eur Radiol
2018a;28:4254-4264.

Schellhaas B, Pfeifer L, Kielisch C, Goertz RS, Neurath MF, Strobel D.
Interobserver agreement for contrast-enhanced ultrasound (CEUS)-
based standardized algorithms for the diagnosis of hepatocellular
carcinoma in high-risk patients. Ultraschall Med 2018b;39:667-674.

Volume 46, Number 10, 2020

Schlottmann K, Klebl F, Zorger N, Feuerbach S, Scholmerich J. Con-
trast-enhanced ultrasound allows for interventions of hepatic
lesions which are invisible on convential B-mode. Z Gastroenterol
2004;42:303-310.

Schwarze V, Marschner C, Negrao de Figueiredo G, Rubenthaler J,
Clevert DA. Single-center study: Evaluating the diagnostic perfor-
mance and safety of contrast-enhanced ultrasound (CEUS) in preg-
nant women to assess hepatic lesions. Ultraschall Med 2020;41:
29-35.

Seitz K. [EFSUMB-guidelines for CEUS are directive and effective].
Ultraschall Med 2010;31:225-227.

Seitz K, Strobel D, Bernatik T, Blank W, Friedrich-Rust M, Herbay A,
Dietrich CF, Strunk H, Kratzer W, Schuler A. Contrast-enhanced
ultrasound (CEUS) for the characterization of focal liver lesions-
Prospective comparison in clinical practice: CEUS vs. CT
(DEGUM multicenter trial). Parts of this manuscript were pre-
sented at the Ultrasound Dreilandertreffen 2008. Davos. Ultraschall
Med 2009;30:383-389.

Seitz K, Bernatik T, Strobel D, Blank W, Friedrich-Rust M, Strunk H,
Greis C, Kratzer W, Schuler A. Contrast-enhanced ultrasound
(CEUS) for the characterization of focal liver lesions in clinical prac-
tice (DEGUM Multicenter Trial): CEUS vs. MRI—A prospective
comparison in 269 patients. Ultraschall Med 2010;31:492-499.

Seitz K, Greis C, Schuler A, Bernatik T, Blank W, Dietrich CF, Strobel
D. Frequency of tumor entities among liver tumors of unclear etiol-
ogy initially detected by sonography in the noncirrhotic or cirrhotic
livers of 1349 patients: Results of the DEGUM multicenter study.
Ultraschall Med 2011;32:598-603.

Sellars ME, Deganello A, Sidhu PS. Paediatric contrast-enhanced
ultrasound (CEUS): a technique that requires co-operation for rapid
implementation into clinical practice. Ultraschall Med 2014;35:
203-206.

Sidhu PS, Brabrand K, Cantisani V, Correas JM, Cui XW, D’Onofrio
M, Essig M, Freeman S, Gilja OH, Gritzmann N, Havre RF, Ignee
A, Jenssen C, Kabaalioglu A, Lorentzen T, Mohaupt M, Nicolau C,
Nolsoe CP, Nurnberg D, Radzina M, Saftoiu A, Serra C, Sparchez
Z, Sporea I, Dietrich CF. EFSUMB Guidelines on interventional
ultrasound (INVUS): Part II. Diagnostic ultrasound-guided inter-
ventional procedures (short version). Ultraschall Med 2015;36:
566-580.

Sidhu PS, Cantisani V, Deganello A, Dietrich CF, Duran C, Franke D,
Harkanyi Z, et al. Authors’ Reply to Letter: Role of Contrast-
Enhanced Ultrasound (CEUS) in Paediatric Practice: An EFSUMB
Position Statement. Ultraschall Med 2017;38:447-448.

Sidhu PS, Cantisani V, Deganello A, Dietrich CF, Duran C, Franke D,
Harkanyi Z, Kosiak W, Miele V, Ntoulia A, Piskunowicz M, Sell-
ars ME, Gilja OH. Role of contrast-enhanced ultrasound (CEUS) in
paediatric practice: An EFSUMB position statement. Ultraschall
Med 2017;38:33-43.

Sidhu PS, Cantisani V, Dietrich CF, Gilja OH, Saftoiu A, Bartels E,
Bertolotto M, Calliada F, Clevert DA, Cosgrove D, Deganello A,
D’Onofrio M, Drudi FM, Freeman S, Harvey C, Jenssen C, Jung
EM, Klauser AS, Lassau N, Meloni MF, Leen E, Nicolau C, Nolsoe
C, Piscaglia F, Prada F, Prosch H, Radzina M, Savelli L, Weskott
HP, Wijkstra H. The EFSUMB guidelines and recommendations
for the clinical practice of contrast-enhanced ultrasound (CEUS) in
non-hepatic applications: Update 2017 (short version). Ultraschall
Med 2018a;39:154—180.

Sidhu PS, Cantisani V, Dietrich CF, Gilja OH, Saftoiu A, Bartels E,
Bertolotto M, Calliada F, Clevert DA, Cosgrove D, Deganello A,
D’Onofrio M, Drudi FM, Freeman S, Harvey C, Jenssen C, Jung
EM, Klauser AS, Lassau N, Meloni MF, Leen E, Nicolau C, Nolsoe
C, Piscaglia F, Prada F, Prosch H, Radzina M, Savelli L, Weskott
HP, Wijkstra H. The EFSUMB guidelines and recommendations
for the clinical practice of contrast-enhanced ultrasound (CEUS) in
non-hepatic applications: Update 2017 (long version). Ultraschall
Med 2018b;39:e2—e44.

Sienz M, Ignee A, Dietrich CF. [Reference values in abdominal ultra-
sound-Biliopancreatic system and spleen]. Z Gastroenterol
2011;49:845-870.


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0193
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0194
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0194
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0194
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0194
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0194
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0194
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0195
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0195
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0195
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0195
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0196
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0196
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0196
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0196
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0197
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0197
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0197
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0197
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0197
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0198
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0198
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0198
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0198
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0198
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0199
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0199
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0199
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0200
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0200
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0200
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0200
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0201
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0201
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0201
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0201
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0202
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0202
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0202
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0202
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0202
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0203
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0203
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0203
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0203
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0203
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0203
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0205
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0205
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0205
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0206
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0206
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0206
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0206
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0206
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0207
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0207
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0207
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0207
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0208
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0208
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0208
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0208
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0208
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0208
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0209
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0209
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0209
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0209
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0210
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0210
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0210
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0210
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0211
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0211
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0211
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0211
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0211
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0212
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0212
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0213
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0214
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0214
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0214
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0214
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0214
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0214
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0215
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0215
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0215
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0215
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0215
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0216
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0216
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0216
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0216
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0217
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006a
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006a
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006a
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0006a
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0218
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0218
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0218
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0218
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0218
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0219
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0220
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0221
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0221
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0221

Guidelines for CEUS in the liver—Update 2020 ® C. F. DIETRICH et al. 2603

Sienz M, Ignee A, Dietrich CF. [Sonography today: reference values in
abdominal ultrasound: aorta, inferior vena cava, kidneys]. Z Gas-
troenterol 2012;50:293-315.

Skjoldbye B, Pedersen MH, Struckmann J, Burcharth F, Larsen T.
Improved detection and biopsy of solid liver lesions using pulse-
inversion ultrasound scanning and contrast agent infusion. Ultra-
sound Med Biol 2002;28:439-444.

Song ZZ, Huang M, Jiang TA, Zhao QY, Yao L, Mou Y, Zhao JK, Ao
JY, Chen F, Chen Y. Diagnosis of portal vein thrombosis discontin-
ued with liver tumors in patients with liver cirrhosis and tumors by
contrast-enhanced US: a pilot study. Eur J Radiol 2010;75:185-188.

Sorrentino P, D’Angelo S, Tarantino L, Ferbo U, Bracigliano A, Vec-
chione R. Contrast-enhanced sonography versus biopsy for the dif-
ferential diagnosis of thrombosis in hepatocellular carcinoma
patients. World J Gastroenterol 2009;15:2245-2251.

Sparchez Z, Radu P, Kacso G, Sparchez M, Zaharia T, Al Hajjar N.
Prospective comparison between real time contrast enhanced and
conventional ultrasound guidance in percutaneous biopsies of liver
tumors. Med Ultrason 2015;17:456-463.

Sporea I, Badea R, Martie A, Dumitru E, Toanitescu S, Sirli R, Socaciu
M, Popescu A, Danila M, Voiculescu M. Contrast enhanced ultra-
sound for the evaluation of focal liver lesions in daily practice: A
multicentre study. Med Ultrason 2012;14:95-100.

Sporea I, Badea R, Popescu A, Sparchez Z, Sirli RL, Danila M, Sandu-
lescu L, Bota S, Calescu DP, Nedelcu D, Brisc C, Ciobaca L,
Gheorghe L, Socaciu M, Martie A, loanitescu S, Tamas A, Streba
CT, lTordache M, Simionov I, Jinga M, Anghel A, Cijevschi Prelip-
cean C, Mihai C, Stanciu SM, Stoicescu D, Dumitru E, Pietrareanu
C, Bartos D, Manzat Saplacan R, Parvulescu I, Vadan R, Smira G,
Tuta L, Saftoiu A. Contrast-enhanced ultrasound (CEUS) for the
evaluation of focal liver lesions-A prospective multicenter study of
its usefulness in clinical practice. Ultraschall Med 2014;35:259-266.

Stenman C, Jamil S, Thorelius L, Knutsson A, Smedby O. Do radiolog-
ists agree on findings in radiographer-acquired sonographic exami-
nations?. J Ultrasound Med 2013;32:513-518.

Strobel D, Seitz K, Blank W, Schuler A, Dietrich C, von Herbay A,
Friedrich-Rust M, Kunze G, Becker D, Will U, Kratzer W, Albert
FW, Pachmann C, Dirks K, Strunk H, Greis C, Bernatik T. Con-
trast-enhanced ultrasound for the characterization of focal liver
lesions-Diagnostic accuracy in clinical practice (DEGUM multi-
center trial). Ultraschall Med 2008;29:499-505.

Strobel D, Seitz K, Blank W, Schuler A, Dietrich CF, von Herbay A,
Friedrich-Rust M, Bernatik T. Tumor-specific vascularization pat-
tern of liver metastasis, hepatocellular carcinoma, hemangioma
and focal nodular hyperplasia in the differential diagnosis of 1349
liver lesions in contrast-enhanced ultrasound (CEUS). Ultraschall
Med 2009;30:376-382.

Strobel D, Bernatik T, Blank W, Schuler A, Greis C, Dietrich CF, Seitz
K. Diagnostic accuracy of CEUS in the differential diagnosis of
small (<20 mm) and subcentimetric (<10 mm) focal liver lesions
in comparison with histology: Results of the DEGUM multicenter
trial. Ultraschall Med 2011;32:593-597.

Sugimoto K, Moriyasu F, Saito K, Yoshiara H, Imai Y. Kupffer-phase
findings of hepatic hemangiomas in contrast-enhanced ultrasound
with sonazoid. Ultrasound Med Biol 2014;40:1089-1095.

Tang C, Fang K, Guo Y, Li R, Fan X, Chen P, Chen Z, Liu Q, Zou Y.
Safety of sulfur hexafluoride microbubbles in sonography of
abdominal and superficial organs: Retrospective analysis of 30,222
cases. J Ultrasound Med 2017;36:531-538.

Tang A, Bashir MR, Corwin MT, Cruite I, Dietrich CF, Do RKG,
Ehman EC, Fowler KJ, Hussain HK, Jha RC, Karam AR, Mamidi-
palli A, Marks RM, Mitchell DG, Morgan TA, Ohliger MA, Shah
A, Vu KN, Sirlin CB, LI-RADS Evidence Working Group. Evi-
dence supporting LI-RADS major features for CT- and MR imag-
ing-based diagnosis of hepatocellular carcinoma: A systematic
review. Radiology 2018;286:29-48.

Tarantino L, Francica G, Sordelli I, Esposito F, Giorgio A, Sorrentino P,
de Stefano G, Di Sarno A, Ferraioli G, Sperlongano P. Diagnosis of
benign and malignant portal vein thrombosis in cirrhotic patients
with hepatocellular carcinoma: color Doppler US, contrast-enhanced
US, and fine-needle biopsy. Abdom Imaging 2006;31:537-544.

Terzi E, lavarone M, Pompili M, Veronese L, Cabibbo G, Fraquelli M,
Riccardi L, De Bonis L, Sangiovanni A, Leoni S, Zocco MA, Rossi
S, Alessi N, Wilson SR, Piscaglia F, CEUS LI-RADS. Italy Study
Group Collaborators. Contrast ultrasound LI-RADS LR-5 identifies
hepatocellular carcinoma in cirrhosis in a multicenter restropective
study of 1,006 nodules. J Hepatol 2018;68:485—492.

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubin-
stein L, Verweij J, Van Glabbeke M, van Oosterom AT, Christian MC,
Gwyther SG. New guidelines to evaluate the response to treatment in
solid tumors. European Organization for Research and Treatment of
Cancer, National Cancer Institute of the United States, National Cancer
Institute of Canada. J Natl Cancer Inst 2000;92:205-216.

Torres A, Koskinen SK, Gjertsen H, Fischler B. Contrast-enhanced
ultrasound for identifying circulatory complications after liver
transplants in children. Pediatr Transplant 2019;23:¢13327.

Torzilli G, Del Fabbro D, Olivari N, Calliada F, Montorsi M, Makuuchi
M. Contrast-enhanced ultrasonography during liver surgery. Br J
Surg 2004;91(9):1165-1167.

Torzilli G, Palmisano A, Del Fabbro D, et al. Contrast-enhanced intrao-
perative ultrasonography during surgery for hepatocellular carci-
noma in liver cirrhosis: is it useful or useless? A prospective cohort
study of our experience. Ann Surg Oncol 2007;14(4):1347-1355.

Torzilli G, Botea F, Donadon M, et al. Criteria for the selective use of
contrast-enhanced intra-operative ultrasound during surgery for
colorectal liver metastases. HPB (Oxford) 2014;16(11):994-1001.

Trenker C, Kunsch S, Michl P, Wissniowski TT, Goerg K, Goerg C.
Contrast-enhanced ultrasound (CEUS) in hepatic lymphoma: retro-
spective evaluation in 38 cases. Ultraschall Med 2014;35:142—148.

Trillaud H, Bruel JM, Valette PJ, Vilgrain V, Schmutz G, Oyen R,
Jakubowski W, Danes J, Valek V, Greis C. Characterization of
focal liver lesions with SonoVue-enhanced sonography: interna-
tional multicenter-study in comparison to CT and MRI. World J
Gastroenterol 2009;15:3748-3756.

Trojan J, Hammerstingl R, Engels K, Schneider AR, Zeuzem S, Die-
trich CF. Contrast-enhanced ultrasound in the diagnosis of malig-
nant mesenchymal liver tumors. J Clin Ultrasound 2010;38:
227-231.

Ueno N, Kawamura H, Takahashi H, Fujisawa N, Yoneda M, Kirikoshi
H, Sakaguchi T, Saito S, Togo S. Characterization of portal vein
thrombus with the use of contrast-enhanced sonography. J Ultra-
sound Med 2006;25:1147-1152.

Urade T, Fukumoto T, Tanaka M, Kido M, Takebe A, Kuramitsu K,
Chuma M, Matsumoto I, Ajiki T, Ku Y. Contrast-enhanced intrao-
perative ultrasonic cholangiography for real-time biliary navigation
in hepatobiliary surgery. ] Am Coll Surg 2014;218:e4—50.

Vachha B, Sun MR, Siewert B, Eisenberg RL. Cystic lesions of the
liver. AJR Am J Roentgenol 2011;196:W355-W366.

Valentino M, Serra C, Pavlica P, Labate AM, Lima M, Baroncini S,
Barozzi L. Blunt abdominal trauma: diagnostic performance of
contrast-enhanced US in children—Initial experience. Radiology
2008;246:903-909.

Velosa M, Lopes S, Castro R, Macedo G. Cholecystoduodenal fistula
diagnosed with contrast-enhanced endoscopic ultrasound. Endos-
copy 2013;45(Suppl 2 UCT):E18-E19.

Vidili G, De Sio I, D’Onofrio M, Mirk P, Bertolotto M, Schiavone C,
Experts Committee SIUMB. SIUMB guidelines and recommenda-
tions for the correct use of ultrasound in the management of
patients with focal liver disease. J Ultrasound 2019;22:41-51.

Volk M, Strotzer M, Lenhart M, Techert J, Seitz J, Feuerbach S. Fre-
quency of benign hepatic lesions incidentally detected with con-
trast-enhanced thin-section portal venous phase spiral CT. Acta
Radiol 2001;42:172—-175.

von Herbay A, Westendorff J, Gregor M. Contrast-enhanced ultra-
sound with SonoVue: differentiation between benign and malignant
focal liver lesions in 317 patients. J Clin Ultrasound 2010;38:1-9.

Wang Z, Xu HX, Xie XY, Xie XH, Kuang M, Xu ZF, Liu GJ, Chen
LD, Lin MX, Lu MD. Imaging features of hepatic angiomyolipo-
mas on real-time contrast-enhanced ultrasound. Br J Radiol
2010;83:411-418.

Wang JY, Feng SY, Xu JW, Li J, Chu L, Cui XW, Dietrich CF. Useful-
ness of the contrast-Enhanced Ultrasound Liver Imaging Reporting


http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0222
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0222
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0222
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0223
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0223
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0223
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0223
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0224
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0224
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0224
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0224
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0225
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0225
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0225
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0225
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0226
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0226
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0226
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0226
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0227
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0227
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0227
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0227
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0228
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0229
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0229
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0229
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0230
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0230
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0230
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0230
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0230
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0230
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0231
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0231
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0231
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0231
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0231
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0231
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0232
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0233
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0233
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0233
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0234
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0234
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0234
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0234
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0235
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0236
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0236
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0236
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0236
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0236
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0237
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0237
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0237
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0237
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0237
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0237
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0238
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0238
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0238
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0238
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0238
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0238
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0239
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0239
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0239
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0007s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0007s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0007s
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008m
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008m
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008m
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0008m
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0009jk
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0009jk
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0009jk
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0243
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0243
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0243
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0244
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0244
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0244
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0244
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0244
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0245
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0245
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0245
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0245
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0246
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0246
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0246
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0246
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0247
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0247
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0247
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0247
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0248
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0248
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0249
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0249
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0249
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0249
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0250
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0250
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0250
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0251
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0251
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0251
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0251
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0252
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0252
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0252
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0252
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0253
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0253
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0253
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0254
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0254
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0254
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0254

2604 Ultrasound in Medicine & Biology

and Data System in diagnosing focal liver lesions by inexperienced
radiologists [e-pub ahead of print]. J Ultrasound Med 2020;. doi:
10.1002/jum.15242 online ahead of print.

Westwood M, Joore M, Grutters J, Redekop K, Armstrong N, Lee K,
Gloy V, Raatz H, Misso K, Severens J, Kleijnen J. Contrast-
enhanced ultrasound using SonoVue (sulphur hexafluoride micro-
bubbles) compared with contrast-enhanced computed tomography
and contrast-enhanced magnetic resonance imaging for the charac-
terisation of focal liver lesions and detection of liver metastases: a
systematic review and cost-effectiveness analysis. Health Technol
Assess 2013;17:1-243.

Wildner D, Bernatik T, Greis C, Seitz K, Neurath MF, Strobel D.
CEUS in hepatocellular carcinoma and intrahepatic cholangiocellu-
lar carcinoma in 320 patients-Early or late washout matters: a suba-
nalysis of the DEGUM multicenter trial. Ultraschall Med
2015;36:132—-139.

Wilson SR, Burns PN. Microbubble-enhanced US in body imaging:
what role?. Radiology 2010;257:24-39.

Wilson SR, Kim TK, Jang HJ, Burns PN. Enhancement patterns of
focal liver masses: discordance between contrast-enhanced sonog-
raphy and contrast-enhanced CT and MRI. AJR Am J Roentgenol
2007;189:W7-W12.

Wilson SR, Lyshchik A, Piscaglia F, Cosgrove D, Jang HJ, Sirlin C,
Dietrich CF, Kim TK, Willmann JK, Kono Y. CEUS LI-RADS:
algorithm, implementation, and key differences from CT/MRIL
Abdom Radiol (NY) 2018;43:127-142.

World Health Organization. WHO handbook for reporting results of
cancer treatment. Geneva: Author; 1979. WHO Offset Publication
No. 48. Available at: https://apps.who.int/iris/handle/10665/37200
Accessed on June 1, 2019.

Wu W, Chen MH, Yin SS, Yan K, Fan ZH, Yang W, Dai Y, Huo L, Li
JY. The role of contrast-enhanced sonography of focal liver lesions
before percutaneous biopsy. AJR Am J Roentgenol 2006;187:
752-761.

Wu Z, Yang X, Chen L, Wang Z, Shi Y, Mao H, Dai G, Yu X. Anti-
angiogenic therapy with contrast-enhanced ultrasound in colorectal
cancer patients with liver metastasis. Medicine (Baltimore)
2017;96:¢6731.

Xie L, Guang Y, Ding H, Cai A, Huang Y. Diagnostic value of con-
trast-enhanced ultrasound, computed tomography and magnetic
resonance imaging for focal liver lesions: a meta-analysis. Ultra-
sound Med Biol 2011;37:854-861.

Xu HX, Lu MD, Liu GJ, Xie XY, Xu ZF, Zheng YL, Liang JY. Imag-
ing of peripheral cholangiocarcinoma with low-mechanical index
contrast-enhanced sonography and SonoVue: initial experience. J
Ultrasound Med 2006;25:23-33.

Xu EJ, Mao R, Zheng RQ, Lu MQ, Liao M, Ren J, Li K. Three-dimen-
sional contrast-enhanced ultrasonic cholangiography: a new tech-
nique for delineation of the biliary tract in a liver donor. Liver
Transpl 2009a;15:1154-1156.

Volume 46, Number 10, 2020

Xu HX, Chen LD, Liu LN, Zhang YF, Guo LH, Liu C. Contrast-
enhanced ultrasound of intrahepatic cholangiocarcinoma: correlation
with pathological examination. Br J Radiol 2012;85:1029-1037.

XuE, Long Y, Li K, Zeng Q, Tan L, Luo L, Huang Q, Zheng R. Com-
parison of CT/MRI-CEUS and US-CEUS fusion imaging techni-
ques in the assessment of the thermal ablation of liver tumors. Int J
Hyperthermia 2019;35:159-167.

Ye J, Huang G, Zhang X, Xu M, Zhou X, Lin M, Xie X, Xie X. Three-
dimensional contrast-enhanced ultrasound fusion imaging predicts
local tumor progression by evaluating ablative margin of radiofre-
quency ablation for hepatocellular carcinoma: a preliminary report.
Int J Hyperthermia 2019;36:55-64.

Ying L, Lin X, Xie ZL, Tang FY, Hu YP, Shi KQ. Clinical utility of
acoustic radiation force impulse imaging for identification of
malignant liver lesions: a meta-analysis. Eur Radiol 2012;22:2798—
2805.

Yoon SH, Lee KH, Kim SY, Kim YH, Kim JH, Lee SH, Kim TK.
Real-time contrast-enhanced ultrasound-guided biopsy of focal
hepatic lesions not localised on B-mode ultrasound. Eur Radiol
2010;20:2047-2056.

Yusuf GT, Sellars ME, Deganello A, Cosgrove DO, Sidhu PS. Retro-
spective analysis of the safety and cost implications of pediatric
contrast-enhanced ultrasound at a single center. AJR Am J Roent-
genol 2017;208:446-452.

Yusuf GT, Fang C, Huang DY, Sellars ME, Deganello A, Sidhu PS.
Endocavitary contrast enhanced ultrasound (CEUS): a novel prob-
lem solving technique. Insights Imaging 2018;9:303-311.

Zech CJ. [Incidental livers lesions—A modern approach]. MMW
Fortschr Med 2011;153:41-44 quiz 45.

Zhang YL, Yuan L, Shen H, Wang Y. Haemorrhagic hepatic cysts
mimicking biliary cystadenoma. World J Gastroenterol 2009;15:
4601-4603.

Zheng RQ, Chen GH, Xu EJ, Mao R, Lu MQ, Liao M, Ren J, Kai L, Yi
SH. Evaluating biliary anatomy and variations in living liver
donors by a new technique: three-dimensional contrast-enhanced
ultrasonic cholangiography. Ultrasound Med Biol 2010;36:
1282-1287.

Zheng SG, Xu HX, Lu MD, Xie XY, Xu ZF, Liu GJ, Liu LN. Role of con-
trast-enhanced ultrasound in follow-up assessment after ablation for
hepatocellular carcinoma. World J Gastroenterol 2013;19:855-865.

Zheng SG, Xu HX, Liu LN. Management of hepatocellular carcinoma: The
role of contrast-enhanced ultrasound. World J Radiol 2014;6:7-14.

Zhong-Zhen S, Kai L, Rong-Qin Z, Er-Jiao X, Ting Z, Ao-Hua Z, Shu-
Fang Y, Xu-Qi H. A feasibility study for determining ablative mar-
gin with 3 D-CEUS-CT/MR image fusion after radiofrequency
ablation of hepatocellular carcinoma. Ultraschall Med 2012;33:
E250-E255.

Zuber-Jerger I, Endlicher E, Scholmerich J, Klebl F. Endoscopic retro-
grade cholangiography with contrast ultrasonography. Endoscopy
2008;40(Suppl 2):E202.


http://dx.doi.org/10.1002/jum.15242
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0256
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0257
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0257
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0257
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0257
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0257
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0258
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0258
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0259
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0259
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0259
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0259
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0260
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0260
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0260
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0260
https://apps.who.int/iris/handle/10665/37200
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0262
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0262
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0262
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0262
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0263
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0263
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0263
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0263
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0264
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0264
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0264
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0264
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0265
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0265
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0265
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0265
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0266
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0266
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0266
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0266
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0267
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0267
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0267
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0268
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0268
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0268
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0268
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0269
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0269
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0269
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0269
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0269
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0270
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0270
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0270
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0270
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0271
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0271
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0271
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0271
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0272
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0272
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0272
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0272
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0273
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0273
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0273
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0274
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0274
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0274
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0275
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0275
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0275
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0276
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0276
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0276
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0276
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0276
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0277
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0277
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0277
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0278
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0278
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0279
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0279
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0279
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0279
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0279
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0280
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0280
http://refhub.elsevier.com/S0301-5629(20)30200-3/sbref0280

	Guidelines and Good Clinical Practice Recommendations for Contrast-Enhanced Ultrasound (CEUS) in the Liver-Update 2020 WFUMB in Cooperation with EFSUMB, AFSUMB, AIUM, and FLAUS
	Introduction
	Worldwide commercial availability of UCAs
	Indications, contraindications, safety considerations
	Safety considerations

	Liver CEUS: Scanning technique and basic image interpretation
	Study procedure
	Interpretation

	Differences between CEUS and other contrast-enhanced imaging modalities (contrast-enhanced computed tomography [CECT], contrast-enhanced magnetic resonance imaging [CEMRI])
	Detection of malignant FLLs: Transabdominal approach
	Study procedures
	Detection of metastatic lesions
	Detection of HCCs and intrahepatic cholangiocellular carcinoma (ICC)

	CEUS for characterization of focal liver lesions
	Characterization of FLLs in the non-cirrhotic liver
	Benign solid FLLs
	Hemangioma
	Focal nodular hyperplasia
	Hepatocellular adenoma
	Focal fatty change
	Infection

	Other solid benign liver lesions
	Malignant solid FLLs
	Hepatocellular carcinoma in the non-cirrhotic liver
	Cholangiocarcinoma (ICC)
	Metastases
	Lymphoma

	Focal cystic liver lesions (benign and malignant)

	CEUS for characterization of FLLs in liver cirrhosis
	Study procedure
	Image interpretation and evaluation

	Characterization of portal vein thrombosis
	Contrast-enhanced intra-operative US
	CEUS for guiding biopsy
	Study procedure

	Intracavitary uses
	Study procedure
	CEUS-guided biliary interventions
	CEUS for the abscess drainage

	CEUS for interventional tumor ablation
	Pre-treatment CEUS
	Study procedure
	Post-treatment CEUS
	Follow-up CEUS

	Monitoring medical tumor treatment response
	Methodology and equipment for quantification
	Assessment of anti-angiogenic treatment
	Pediatric liver lesions
	Safety and dose
	Indications for pediatric liver CEUS

	Documentation
	Clinical training and education
	Errors and artifacts in CEUS of the liver
	Acknowledgment

	References


